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Abstract

Lameness is ranked in the top three most important animal health diseases in
dairy cattle worldwide, and has significant negative impacts on animal welfare,
farm productivity, greenhouse gas emissions and the social license to dairy farm.
Despite this, there has been an under-investment in research into lameness in New

Zealand over the past three decades.

This thesis aimed to fill some of the gaps in knowledge of dairy cattle lameness in
New Zealand by addressing three overarching goals; to define the extent of lameness
on New Zealand dairy farms, to improve the treatment of claw-horn lameness and to
prevent new cases of lameness. To define the extent of lameness, the prevalence and
duration of lameness were assessed. The prevalence of lameness across 120 dairy
farms across eight regions was assessed by trained observers collecting lameness
scores of the lactating cattle at two time points over a season. The time to
soundness following industry-recommended lameness treatment protocols for claw-
horn lameness was also reported from five farms in the Waikato. The median
farm level prevalence was 2.8% (interquartile range 1.5 — 4.5%) and median time
to soundness 18 (interquartile range 14 - 21) days. Both these outcomes provide
confidence that the New Zealand dairy industry are world-leaders when it comes
to lameness control, and that appropriate lameness treatment strategies can result
in rapid cure rates. However, a large range in farm-level lameness prevalence (0 —
17% on any given day) and differences in cure rates between farms were reported,
both suggesting strong farm-level risk factors for lameness.

To improve the treatment of lameness, consistent evidence-based advice is
required. Non-steroidal anti-inflammatory drugs (NSAIDs) are recommended for
painful and inflammatory conditions of dairy cattle. However, the use and advice
given for NSAIDs with respect to lame cow treatment is varied. A systematic review
of the evidence for NSAID use as part of the treatment of claw-horn lameness was
undertaken. Little evidence exists on the benefit of NSAID treatment in isolation
at improving lameness cure rates. However, when NSAID are used in conjunction
with hoof blocks and early identification of lameness, time to lameness cure can
reduce by half. Most farmers (77%) surveyed relied on informal identification of
lame cows by farm staff, and few had formal lameness policies implemented on
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farm. As response to NSAID, and improved lameness cure rates in general, revolve
around early identification of lameness on farm, these are areas of improvement

that dairy farmers should focus on.

Preventative measures for lameness were addressed via three objectives; iden-
tifying farm-level risk factors for lameness, investigating a practical pre-calving
heifer intervention to reduce lameness incidence and exploring the barriers to
lameness control and the motivators for lameness control as reported by farmers.
From a questionnaire of 119 of the 120 farmers enrolled into the prevalence study,
the use of a concrete stand-off pad during periods of inclement weather was a
strong determinate of farm-level lameness, with animals on farms implementing
this practice associated with a 1.49 (89% uncertainty interval 1.19 — 1.88) times
odds of lameness compared to animals from farms that did not use concrete stand-
off pads. Animals from farms that reported peak lameness incidence from January-
June or all-year-round, had 0.76 times odds of lameness compared to animals from
farms that reported peak lameness incidence from July-December (89% uncertainty
interval 0.51 — 0.84). Other risk factors that were associated with greater odds of
lameness at the univariable level included split-calving herds compared to 100%
spring calving herds, no top gate compared to farms that had and used a top-gate,
and no backing gate alarm/hose compared to farms that had an alarm or hose
on the backing gate when it moved.

Reducing time to first lameness case is one of the keys of lameness control. A
randomised clinical interventional study was carried out investigating if a heifer
pre-calving intervention involving exercise and time on concrete would result in a
reduction in the hazards of lameness. No difference in the time to lameness was
noted in heifers exposed to concrete for one hour a day and walked 1km a day on
farm tracks for five days a week for five weeks compared to control heifers. The
intervention may not have been intense enough to result in the desired response,
with evidence for this from the lack of difference in hoof wear between treatment
and control heifers. However, as it was possible that a longer or more intense
intervention may have resulted in harm, and would have been less practical for a
farmer to carry out, it is unlikely that this, or similar interventions will result in

meaningful reductions in lameness rates in New Zealand.

Finally, the successful implementation of lameness treatment and prevention
strategies requires the buy-in of farmers. From the 120 dairy farms enrolled into
the prevalence study, 101 responded to a second questionnaire on the barriers,
motivators and perceived impacts of lameness. A farmer’s perception of lameness
was a poor predictor of true lameness prevalence. The two most important farmer
barriers were time and skilled labour, with the most important motivators feeling
sorry for lame cows and pride in a healthy herd. Despite the relatively low lameness



prevalence, many New Zealand dairy farmers believe lameness is a problem on their

farm, and they rank welfare impacts of lameness of high importance.
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1. Introduction

Dairy cattle lameness is at unacceptably high levels in developed dairy production systems around the world
(Afonso et al. 2020; Thomsen et al. 2023). Lameness not only significantly compromises welfare (Whay
and Shearer 2017) and productivity (Huxley 2013), but also negatively impacts greenhouse gas emissions

(Mostert et al. 2018) and undermines the social licence to dairy farm (Hampton et al. 2020).

New Zealand dairy farming has a reputation for high animal welfare standards, in comparison to other
international markets. However, the modern consumer is no longer satisfied with mere commentary on these
unsubstantiated reports of the New Zealand dairy industry. The New Zealand dairy industry must provide
evidence-based data to back up the positive welfare claims of the industry, and pivot from to reducing harm
to ensuring cows have a ‘good quality of life’ (DairyNZ summary of new proposed dairy cattle code of

welfare; https://www.dairynz.co.nz/animal/welfare/proposed-new-dairy-cattle-code-of-welfare/, accessed

19 August 2023). To do this, quality research with high external validity is required.

Dairy cattle lameness in New Zealand suffers from limited evidence on the extent of the problem. Lameness
prevalence and incidence targets and benchmarking are available but are made up predominantly from expert
opinion (Lameness Technical Advisory Group, DairyNZ), or localised studies (Tranter and Morris 1991;
Gibbs 2010; Lawrence et al. 2011). The recording of lameness is poor from farmers, and relying of farmers
to report, or even understand the extent of, lameness is flawed (Fabian et al. 2014). Furthermore, relying on
the prevalence estimates of other pasture-based lameness systems is perilous, with high lameness prevalence
reported in pasture-based systems of Australia and Brazil (Ranjbar et al. 2016; Bran et al. 2018). Accurate
disease incidence or prevalence metrics are also needed to assess the success of lameness control
programmes. Thus, there was urgent need to quantity lameness in New Zealand and this was identified as

the first step for this project.

Once benchmarks and targets above which would indicate improvements need to be made have been defined,
farmers and animal health advisors need the tools to help reduce the extent of lameness on farm. DairyNZ
has developed an excellent lameness management programme, the Healthy Hoof Programme

(https://www.dairynz.co.nz/animal/cow-health/lameness/healthy-hoof/, accessed 17 August 2023).
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However, the control plans provided are based on overseas data (Newsome et al. 2016), expert opinion, or
scientific evidence that is over 30 years old (Chesterton et al. 1989). Whilst these are likely still valid in part,
New Zealand dairy farming has changed considerably since 1989, and major factors that contribute to
lameness in overseas dairy systems, i.e., housing and hygiene for infectious lameness, are not relevant in

New Zealand systems (Oehm et al. 2019).

It is essential that New Zealand dairy farmers have scientifically backed effective and practical control
strategies to reduce lameness. The calving period has been identified as one, if not the, most critical period
for hoof health in dairy cattle (Tarlton et al. 2002; Knott et al. 2007). Furthermore, as a previous case of
lameness has been identified as the single greatest predictor of a future case of lameness (Newsome et al.
2016; Randall et al. 2018), control efforts should be directed towards dairy heifers, a population that are less
likely to have had a previous case of lameness. This approach has never been tried in New Zealand, so a key
component of this thesis was to investigate a practical intervention that farmers could instigate as part of a

pre-calving management practice for heifers.

Regardless of how effective an intervention may be in a research setting, the successful implementation of
control strategies requires the buy-in of farmers (Green et al. 2020; Biesheuvel et al. 2021). A clinical
intervention may have a significant impact but at the same time not be practical or cost effective enough to
be implemented at a large scale needed to make population-level differences. To properly manage and
improve lameness on dairy farms, farmers need to invest time and money into identifying lame cattle,
training their staff, treating cases appropriately and identifying and controlling major risk factors for
lameness. However, achieving this level of commitment from farmers is difficult in an environment where
the disease has received limited focus from the industry and large gaps in knowledge exist. Farmer
engagement is critical, and understanding the barriers and motivators for farmers is essential to controlling
lameness (Leach et al. 2010a;b). It is one thing identifying a solution for dairy cow disease such as lameness,

it is another thing to get widespread farmer uptake of the solution (Green et al. 2020). Thus, it is important
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to understand what farmers believe is preventing them from controlling lameness, and the motivating factors

that encourage them to control lameness.

It is from these discussion points that this project stems from, primarily from the critical lack of knowledge
and research on one of the major diseases of New Zealand dairy cattle. There were three over-arching goals
of this project: to quantify the extent of the current lameness burden in New Zealand dairy cattle, to improve
the treatment of claw-horn lameness and to provide information on ways to prevent new cases of lameness.
Whilst acknowledging that these were ambitious goals, it was important to the author that a range of studies
were attempted. By addressing three separate components of disease management of lameness, namely
defining the scale of the problem, treatment, and prevention, this increased the chances of identifying a
finding that may improve lameness control in New Zealand. The results of multiple research projects can

also help guide and prioritise the future research direction, if one was needed.

To achieve these goals, the project was broken down into six specific objectives. These are described below

and make up the individual chapters and manuscripts for the thesis:

1) Define the prevalence of lameness in New Zealand dairy cattle

2) Define the duration of lameness after best-practice treatment of claw-horn lameness

3) Identify farm-level risk factors for lameness in New Zealand dairy cattle

4) Review the literature on the use of NSAID for cattle lameness treatment

5) Investigate a practical lameness prevention method involving conditioning of heifers’ hooves prior
to calving

6) ldentify farmer barriers and motivators to lameness control

The final chapter summarises the findings of the six objectives and provides commentary on how these

findings can be used in the industry and directions for future research.
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Prevalence of lameness in New Zealand
dairy cattle

The first step in fixing a problem is to define a problem. In contrast to the other two
major animal health diseases of New Zealand dairy cattle, mastitis and reproductive
disorders, farmer recording of lameness is poor. Furthermore, farmer identification
of lameness is also poor. Thus, there is little knowledge on the true prevalence of
lameness across New Zealand dairy farms. Where prevalence data or benchmarks
exists, they are from either localised studies or formed from expert opinion. The
first objective of this thesis was to define the prevalence of lameness across New
Zealand, by systematically randomly enrolling 120 dairy farms from eight major
dairy regions of New Zealand. The link to the publication can be found at https:
//doi.org/10.1016/j.prevetmed.2023.106047.
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To understand the current impact of lameness on a system, it is important to define lameness prevalence across a
range of dairy farms in that system. Prevalence estimates from dairy systems where cows are permanently
managed at pasture are uncommon, although the limited data suggest that they have a lower lameness preva-
lence than housed cattle. One hundred and 20 farms from eight of the major dairying regions of New Zealand
were randomly enrolled into a cross-sectional lameness prevalence study. On each of the farms, trained observers
lameness scored cattle on two occasions, between October-December (spring, coinciding with peak lactation for
most farms) and between January-March (summer, late lactation for most farms). At each visit, all lactating
animals were scored using a four-point 0-3 scoring system, and included animals that had previously been
identified as lame by the farmer. Animals with a lameness score (LS) >2 were defined as lame. Mixed logistic
regression models assessed the interaction between region and season and island and season, respectively, and
differences between the lameness prevalence within farm across the two seasons reported descriptively.

A total of 116,317 locomotion scores over two events were conducted across the 120 farms. At the spring
scoring event, 2128/60,007 (3.5 %) cows had a LS >2 and 1868/56,310 (3.3 %) cows had a LS > 2 at the
summer scoring event. At the farm level, across both scoring events, median lameness prevalence was 2.8
(interquartile range 1.5 — 4.5) %, with a range of 0.0-17.0 %. The median farm-level prevalence of LS = 3 was
0.5 % with a range of 0-4.6 %. The effect of timing of scoring was modified by region (p < 0.001), and island (p
= 0.006) and at the individual farm level, differences between spring and summer farm level lameness preva-
lence were generally small (interquartile range: —1.8 to 1.0 %) but potentially large on individual farms (range
from -12.3 % to 7.6 %).

The median farm-level lameness prevalence estimate of 2.8 % across a random representative sample of New
Zealand dairy farms give confidence that the overall prevalence of cattle lameness on New Zealand dairy farms is
low. This adds to the growing evidence that pasture is a good management system with respect to hoof health.
The evidence of strong seasonality of lameness was lacking. Instead of using lameness scoring to identify farms
with large lameness problems, lameness scoring should be encouraged to farmers as a tool to improve the
identification of lame animals.

1. Introduction

challenges to the social license to operate a dairy business (Hampton
et al., 2020). A recent narrative review on the prevalence of lameness

Lameness remains one of the most important diseases impacting
dairy cattle worldwide (Algers et al., 2008; Huxley, 2013; Barkema
et al., 2015). The impact of lameness on dairy farming extends beyond
the often-reported impact on production, and animal welfare (Whay and
Shearer, 2017), as with public scrutiny on dairy farms increasing (Bar-
kema et al., 2015; Hampton et al., 2020), lameness is one of the key

Abbreviations: LS, lameness score; IQR, inter-quartile range.

reported that the global median farm-level lameness prevalence was 22
% (Thomsen et al., 2023). This is an unacceptably high prevalence that
risks compromising dairy farming’s social license.

However, although the global median prevalence is high, lameness
prevalence estimates vary considerably depending on country and
dairying system (Thomsen et al., 2023). Pasture-based farming systems
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reportedly have conditions that are beneficial for hoof health, and,
compared to housed dairying systems, have been associated with
reduced lameness incidence and prevalence (Olmos et al., 2009; Arnott
et al., 2017). However, simply grazing dairy cows on pasture is not
synonymous with low lameness risk (Hund et al., 2019), with mean
prevalences being reported of 18.9 % in pasture-based Australian dairy
farms (Ranjbar et al., 2016), and 35.0 % in small-scale grazing Brazilian
dairy farms (Bran et al., 2018). Even in New Zealand, individual
farm-level prevalences as high as 36.0 % have been reported (Fabian
et al., 2014). Thus, to assess the lameness situation and communicate
accurate prevalence estimates, we need current and system-specific
estimates.

While there has been a recent suite of high-quality lameness preva-
lence publications from what are referred to as pasture-based dairy cows
(O’Connor et al., 2020; Browne et al., 2022), these systems in north-west
Europe still house animals over the winter. This practice is rare in New
Zealand, with most dairy cows being managed outside for 100 % of the
year. Thus, there are few recent lameness estimates from large herd-size,
100 % pasture-based dairy cattle. The last, and only, New Zealand
lameness prevalence estimate was made in 2010/11 from a convenience
selection of 59 herds, which reported a median farm-level prevalence of
6.7 %, and a range from 1.2 % to 36.0 % (Fabian et al., 2014). This study
(combined with expert opinion) is the basis for the herd-level prevalence
benchmarking and recommendations present in the industry-led lame-
ness prevention programme in New Zealand, Healthy Hoof (DairyNZ,
https://www.dairynz.co.
nz/media/5790786/preventing-and-managing-lameness-guide.pdf
accessed 20 June 2023). As there is large variability between countries
(Thomsen et al., 2023), within countries (Afonso et al., 2020) and even
within farms (O’ Connor et al., 2020; Browne et al., 2022), it is critical
that lameness prevalence estimates are current and appropriate to the
population of interest. Thus, there was a desire to gain understanding of
the current lameness prevalence in New Zealand via a large
randomly-selected population of dairy farms throughout the country.

New Zealand has two major islands, the North Island and South Is-
land, with different climatic conditions varying from warm subtropical
regions with high rainfall in the north to cool temperate low-rainfall
regions in the south (Overview of New Zealand’s climate | NIWA) and
farm demographics (average herd size in the South Island is 647 cows
compared to 362 cows in the North Island; https://www.dairynz.co.nz/
publications/dairy-industry/new-zealand-dairy-statistics-2020-21/;
accessed 20 June 2023). There is some evidence of varying peaks of
lameness incidence in New Zealand, with case reports of lameness in the
Taranaki region of New Zealand reaching peak numbers in the spring
(October) from Lawrence et al. (2011), and summer (January) in the
Canterbury region of New Zealand (Gibbs, 2010). Confirmation of dif-
ferences in seasonal and geographical lameness prevalence may point to
different risk factors, and thus different critical control points for farms
throughout New Zealand. Data on differences between seasons and re-
gions are also important for recommendations of when to lameness score
animals and how often.

The objectives of this study were to estimate farm-level lameness
prevalence across New Zealand at two time points, coinciding with the a
priori greatest risk periods, to assess change in lameness prevalence
within a year, and to compare the estimates to previous New Zealand
and international lameness prevalence estimates.

2. Methods

The study was designed as a cross-sectional descriptive study, with
all procedures approved by Massey University human ethics committee,
application number 4000025095 and Massey University animal ethics
committee Protocol 21/55 and 22/36.
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2.1. Sample size calculations

Sample size calculations were calculated with an expected true
prevalence of 8.3 % (from (Fabian et al., 2014)), a precision of 5 % and a
95 % confidence. With these assumptions, a total of 117 farms were
required. This was increased to 120 to ensure equal numbers of farms (n
= 15) across eight regions were enrolled.

2.2. Farm and animal enrolment

A single-stage cluster sampling method was performed, with a simple
random sampling framework used to select farms, and all milking ani-
mals within the selected farms enrolled. Farms were enrolled from eight
territorial regions of New Zealand, four within the North Island of New
Zealand; Northland, Waikato, Taranaki and Manawatu and four within
the South Island of New Zealand; West Coast, Canterbury, Southland
and Otago. These were selected as they represent eight of the major
dairying regions within the 16 New Zealand regions (77.6 % of dairy
farms; New Zealand Dairy Statistics 2020-21; https://www.dairynz.co.
nz/publications/dairy-industry/new-zealand-dairy-statistics-2020-21/
accessed 20 June 2023). The study was conducted over two dairy sea-
sons, equivalent to two national herd lactation due to the highly sea-
sonal nature of the national production profile (New Zealand dairy
seasons typically range from 1 June to 31 May each year), with the
North Island farms enrolled in the 2021/22 season, and the South Island
farms in the 2022/23 season. A convenience sample of veterinary
practices, one within each region, were enrolled to provide lameness
scoring and data collection services, based on previous track record of
conducting cattle research to a high quality, and willingness to comply
with the study protocol. The clients that the veterinary clinic serviced
acted as a proxy for dairy farms within the region. Each practice listed
their dairy clients in alphabetical order, and excluded farms that were
greater than 100 km, or one hour drive away, from the veterinary
practice, or that were known to have a parlour design that likely would
result in post-milking lameness scoring challenges (e.g., concrete exit
race less than 5 m). From the remaining eligible target population, 15
farm clients were then systematically randomly selected for enrolment.
A random number was generated in Microsoft Excel between 1 and 10,
which was used to select the first farm on the list. Then every N farm
(where N = Total number of eligible farms/15) on the list was selected
for enrolment.

All milking dairy cattle on enrolled farms were eligible for lameness
scoring. Any non-lactating animals on the farm at the time of the visits
were excluded. The primary animal-health decision maker on farm was
asked to complete a survey consisting of questions on farm management
and lameness treatment.

2.3. Lameness scoring

Lameness scoring data were collected by one trained veterinary
technician per region. Lameness scoring followed the DairyNZ scoring
guidelines with a scoring system 0-3 (Table 1). Lameness scores (LS)
were collected between October to December and then again in January-
March. All lameness scoring was carried out immediately after milking
(either morning or afternoon) with cattle walking on flat concrete in
single file. This included animals that had been previously identified as
lame by the farmer and had been placed into a separate herd at the time
of the lameness scoring visit. As most of these farms milked these lame
animals once-a-day, the timing of the visit coincided with when they
were being milked (i.e., morning or afternoon) so that they could be
lameness scored under the same conditions as the rest of the herd. In-
dividual animal IDs were not recorded, but a tally of each animal with
LS = 2 and LS = 3, as well as the total number of animals scored, were
collected.

Training and calibration occurred for all personnel involved. A
training day was organised in one location for the North Island clinics
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Table 1

Lameness scoring descriptors used in a randomized clinical trial investigating
the impact of pre-calving exercise and time standing on concrete on time to first
postpartum lame event (adapted from DairyNZ Lameness Scoring system).

Lameness Descriptor
Score
0 Walks with even weight bearing on all 4 limbs at a similar walking

speed to a person, with regular stride length and rhythm. Straight
back line at all times and head held in line or slightly below the
backline and steady when walking

1 Walks unevenly but reduced weight-bearing on affected limb not
easily obvious. May have uneven stride length and/or rhythm.
Backline straight when standing but may be mildly arched when
walking.

2 Lame, with decreased stride length on affected limb. Weight
bearing reduced on affected limb which can easily be identified.
Walking speed slower than normal. Backline often arched when
standing and walking and head bobs up and down when walking

3 Severely lame, with minimal or no weight bearing on affected limb.

Reluctant to move and cannot keep up with the healthy herd.
Backline arched when standing and walking and often large head
movements up and down when walking.

and another for the South Island clinics. This consisted of a three-hour
morning theory session and video quiz of New Zealand cattle with
varying degrees of lameness scores, followed by an afternoon practical
lameness scoring session on a farm. At each session, > 300 cows were
scored as they returned to pasture after milking, including a proportion
of the herd that the farm kept separate as previously identified as lame,
which were milked separately. Group discussions took place on the
lameness scores of the animals. Then the lead investigator undertook an
audit visit individually with each of the technicians on one enrolled farm
within their region. The technician and lead investigator lameness
scored the animals independently and then compared prevalence at the
end of the visit. The eight technicians all scored within 1 % of the
prevalence estimate of the lead author, and six technicians scored with
0.5 % of the lead author. Follow-up real-time video conferencing of
lameness scoring was carried out at the discretion of the lead author or
technician if required by either party.

To minimise bias between lameness scoring events, the results of the
lameness prevalence were not communicated to the farmers or veteri-
nary clinic until the completion of the second scoring event and no
lameness advice was given to the farmers. The one exception was if an
animal welfare concern was noted, which was considered a farm where
the number of animals with a LS > 2 was greater than 15 % of the herd at
the time of the first scoring event. In this instance, the veterinarian who
oversaw the farm from the respective veterinary practice was alerted. It
was then up to the discretion of the veterinary overseeing the farm how
they would like to proceed. If a lameness control intervention was
conducted this was reported to the lead author.

2.4. Statistical methods

All raw data were converted to CSV files and imported into R (R Core
Team, 2023) to be assessed for completeness, consistency, formatting
and logic. The two scoring visits are subsequently referred to as ‘spring’
(October-December; technically late spring to early summer) or ‘sum-
mer’ (January-March; technically mid-summer to early autumn). Scores
for individual cows were collapsed into lame (LS 2 or LS 3) or non-lame
(LS < 2) categories. Apart from descriptively reporting the proportion of
lame animals and LS = 3 animals (severely lame animals), all other
descriptive statistics were reported at the farm-level. The 95 % confi-
dence interval of the median lameness prevalence was calculated from
10,000 bootstrap estimates of the median lameness prevalence.

Summary statistics for prevalence of lameness across region and
season were tabulated. The change in farm-level lameness prevalence
between the spring and summer scores was calculated by subtracting the
prevalence of lameness at the summer score from the spring score.
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Descriptive statistics for this change were reported in the form of bar-
plots and scatterplots. Farms were assessed for the presence of high
lameness prevalence across both scores. The proportion of farms that
had both of their LS in the top 25 % of all scores were reported as well as
reporting on the lameness prevalence difference for the farms with the
top ten prevalence scores.

To assess differences between the eight regions, two island and two
scoring occasions, generalised linear mixed models were used. The
outcome variable was the presence or absence of lameness at the cow-
level, with clustering of animals within farm included as a random
intercept. Region and island could not be in the same model together, as
region entirely explained the variance in island, thus two respective
models were conducted. The initial fixed effects of the first model con-
sisted of region and season, as well as an interaction term for region and
season. The initial fixed effects for the second model consisted of island
and season, as well as island * season term. For both models, interaction
terms remained if the AIC of the model with the interaction term was
smaller than the model without the interaction term.

3. Results
3.1. Farm characteristics

In total, 122 farms were approached for enrolment, with two farms
excluded due to the race exiting the milking parlour providing limited
visibility for individual animal lameness scoring. A total of 120 farms
were enrolled, with no farmers refusing to take part in the study. No
lameness interventions or control plan changes were reported to the lead
author during the study. Overall farm characteristics and characteristics
split by Island, are presented in Table 2, with 119 farms responding to
the survey; location, season and prevalence data were available for all
120 farms; therefore no missing data were apparent for the variables of
interest. Farms in the North Island had a median of 190 fewer cows
compared to farms in the South Island (365 vs 555 cows, respectively).
Over 90 % of farms were entirely spring-calving, and 100 % of farms had
access to grazed pasture all year round. Similar proportions of farms
(~40 %) had Holstein-Friesian and Jersey x Friesian (Kiwi-Cross) as

Table 2

Descriptive statistics of 119 of the 120 New Zealand dairy farms enrolled into an
observational lameness prevalence study, split by North Island (n = 60) and
South Island (n = 59) farms.

Characteristic Missing Overall, N = North, N = South, N =
120 60 59

Herd size, Median 2 440 365 555

(IQR) (330-624) (279-480) (402-693)
Milk solids (kg/cow/ 5 430 410 460

year), Median (400-475) (372-452) (414-481)

(IQR)
Number of full-time 2 2.50 2.00 3.00

staff, Median (IQR) (2.00-3.00) (1.38-3.00) (2.00-4.00)
Milking frequency, n 1

(%)
Less than twice-a-day 33 (28) 20 (33) 13 (22)
Twice-a-day all year 86 (72) 40 (67) 46 (78)
Predominant breed, 1

n (%)
Holstein-Friesian 47 (39) 27 (45) 20 (34)
Jersey 18 (15) 13 (22) 5(8.5)
Holstein/Jersey cross 54 (45) 20 (33) 34 (58)
Milking parlour, n 1

(%)
Herringbone 59 (50) 37 (62) 22 (37)
Rotary 60 (50) 23 (38) 37 (63)
Calving system, n (%) 1
100% spring calving 108 (91) 49 (82) 59 (100)
Batch-calving spring 11 (9.2) 11 (18) 0(0)

and autumn
Median (IQR); n (%)
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their predominant breed, with a greater proportion of North Island
farms reporting Jersey as the predominant breed compared to the South
Island farms. There was an equal split of herringbone versus rotary
parlours, however, the ratio of herringbone to rotary parlours was 2:1 in
the North Island and 1:2 in the South Island. Each quarter was reported
by >10 % of farmers as being the quarter with their peak lameness
incidence, with 75 % reporting peak lameness between June and
December (early-mid lactation). However, there were strong island
differences, with just 3 % of North Island farmers reporting peak
lameness incidence between January to May, compared to 42 % of South
Island farmers.

3.2. Lameness prevalence

At the first scoring event in spring, a total of 2128/60,007 (3.5 %)
cows had a LS > 2, with 515 (0.8 %) LS = 3. In summer, a total of 1868/
56,310 (3.3 %) cows had a LS > 2, with 342 (0.6 %) LS = 3. At the farm
level, across both scoring events, median lameness prevalence was 2.8
(95 % CI 2.4 - 3.1 %), with a mean prevalence of 3.6 %. The interquartile
range was between 1.5 % and 4.5 %, with a range of 0.0-17.0 % (Fig. 1).
Summary statistics of the median farm-level prevalence, interquartile
range and range for each region is presented in Fig. 2. Across both
scoring events, the median farm-level prevalence of severe lameness was
0.5 (IQR 0.1-1.0) %, with a range of 0.0-4.6 %.

There was a significant interaction between region and season
(p < 0.001; Table 3), and island and season (p = 0.006; Table 4) in the
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odds of lameness. In the spring, cows from Waikato farms had the
greatest odds of lameness, with cows from Canterbury farms with the
smallest odds of lameness. In the summer, cows from Northland farms
had the greatest odds of lameness, with cows from the West Coast farms
with the smallest odds of lameness (Fig. 2). Whilst the odds of lameness
were lower in cows from the South Island compared to the North Island,
this was less pronounced in the summer scores than the spring scores
(Fig. 3).

The difference in lameness prevalence between spring and summer
ranged from a 12.3 % reduction in lameness prevalence to a 7.6 % in-
crease (Fig. 4), with a median change in lameness prevalence of a
reduction of 0.05 %. In 25 % of farms, there was a reduction in lameness
prevalence >1.8 % between spring and summer and in 25 % of farms,
there was an increase in lameness prevalence >1.0 % between spring
and summer. Of the 48 farms that had at least one prevalence mea-
surement in the top 25 % of all lameness prevalences (i.e. > 4.5 %), 17
(39 %) had >4.5 % scored as lame in both spring and summer. From the
farms with the top 10 lameness prevalence at any scoring event (>10.0
%), the median difference between the two scores was 7.1 (IQR 4.7-7.6)
%.

4. Discussion
From a total of 120 farms across eight major dairying regions of New

Zealand, we report a median farm-level lameness prevalence of 2.8 %,
with an interquartile range of 1.5-4.5 %. The effect of timing of scoring
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Fig. 1. Barplot of lameness prevalence for 120 farms in New Zealand at two time points — spring and summer. The blue bars represent the percentage of all lame
animals (LS > 2) on farm, with the red bars the percentage of severely lame (LS = 3) animals. The horizontal dashed lines represent the median farm-level lameness
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Fig. 2. Boxplot of the farm-level lameness prevalence for 120 farms across eight regions in New Zealand. Each farm had a lameness score in spring (red bars) and
summer (blue bars). The dotted line represents the median prevalence for all farms in spring, and the dashed line the median prevalence for all farms in summer.

was modified by region, and at the individual farm level, differences
between spring and summer farm level lameness prevalence could be
large, with a range from —-12.3-7.6 %.

This median prevalence is much lower than that identified in pre-
vious international studies which have used lameness (locomotion)
scoring to identify lameness prevalence. A narrative review of 53 studies
across six continents identified a median lameness prevalence based on
lameness scoring of 22.0 % (Thomsen et al., 2023), with a minimum
reported study-level prevalence of 5.1 % on Swedish dairy farms
(Manske et al., 2002). In addition, a review of lameness prevalence
studies in the United Kingdom over the previous 70 years, with a less
prescriptive study inclusion criteria than that of Thomsen et al. (2023),
reported a minimum study-level prevalence in British dairy cattle of 7.0
% (Afonso et al., 2020). The lameness prevalence estimates from the
current study should provide confidence that New Zealand dairy cattle
generally have a very low burden of lameness by international
standards.

The reasons for this low prevalence were not investigated in this
study, however they likely include both a lower burden of lameness-
inducing infectious agents in New Zealand and a shorter duration of
lameness. Firstly, despite the presence of digital dermatitis lesions in
New Zealand dairy cattle, albeit at a low prevalence (Yang et al., 2017),
lameness-inducing digital dermatitis disease is very rare in New Zealand
(Yang et al., 2018). In contrast, in many other countries, digital
dermatitis is one of the most important causes of lameness in dairy cattle
(Bicalho and Oikonomou, 2013).

As prevalence is the product of incidence rate and duration of dis-
ease, dairy systems with a shorter duration of lameness are likely to have
a lower prevalence. In New Zealand, Mason et al. (2023) reported a
median time to soundness (LS = 0) from 241 lame cows with claw-horn
lesions of 18 days, and a median time to non-lame (LS < 1) of just seven
days. Equivalent figures are not available from housed systems but in the
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UK, cure risks at 35-42 days post treatment have ranged from 15 % to 55
% (Thomas et al., 2015; Thomas et al., 2016) whereas Mason et al.
(2023) reported greater than 90 % of enrolled cattle sound by 35 days.
Thus, shorter duration of disease is likely at least partially responsible
for the low prevalence noted in this study.

This study also provides evidence that the prevalence of lameness
may be decreasing in New Zealand, with the upper limit of the 95 % CI
for median lameness prevalence well below the 6.7 % median preva-
lence reported by a New Zealand study conducted a decade earlier
(Fabian et al., 2014). This contrasts with the conclusions from two
recent reviews describing lameness prevalence over time. Inferences
have ranged from no evidence for change in lameness prevalence from
53 international publications from 1989 to 2020 (Thomsen et al., 2023),
to evidence for an increase in lameness prevalence from 32 United
Kingdom publications (Afonso et al., 2020). However, inferences from
both of these reviews need to be interpreted with caution, as substantial
descriptive variability (Thomsen et al., 2023) and statistical heteroge-
neity (Afonso et al., 2020) between lameness prevalence publications
were reported. As all three possible trends of lameness prevalence over
time, i.e., a reduction, no change and an increase in lameness preva-
lence, have all been reported in publications within a 12-month period,
this should further highlight the challenges with comparing prevalence
between publications. Instead, comparisons between lameness preva-
lence may best be left to studies carried out in similar systems within a
country, and those with strong internal validity.

Pasture-based dairy systems provide environmental and manage-
ment conditions that are beneficial to hoof-health when compared to
dairy systems that involve housing (Olmos et al., 2009; Arnott et al.,
2017). However, the solution of controlling lameness is not simply to
move to grazed pasture systems as even within these systems, a range of
prevalences are reported (Hund et al., 2019). Small pasture-grazing
herds in tropical locations have been associated with lameness
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Table 3

Output from a generalised linear mixed model, with farm as a random intercept,
for the odds of cow-level lameness (LS > 2 from a 0-3 scoring system) with a
region * season interaction (n = 116,317 lameness scores from 120 farms).

Characteristic Island N Event OR (95 % CI)* p-value
N
Region <0.001
Canterbury South 21,084 322 —
Manawatu North 14,642 570 2.62
(1.74-3.93)
Northland North 14,748 693 3.84
(2.58-5.72)
Otago South 19,542 564 1.97
(1.31-2.94)
Southland South 14,060 633 3.19
(2.13-4.77)
Taranaki North 10,205 203 1.38
(0.89-2.13)
Waikato North 10,695 677 6.53
(4.40-9.71)
West Coast South 15,337 334 2.08
(1.38-3.13)
Season 0.001
Spring 62,135 2128 —
Summer 58,178 1868 1.43
(1.15-1.79)
Region * Season 120,313 3996 <0.001
Manawatu * 6782 280 0.82
Summer (0.62-1.08)
Northland * Summer 6891 317 0.66
(0.50-0.86)
Otago * Summer 9761 310 0.85
(0.64-1.12)
Southland * Summer 6917 303 0.66
(0.50-0.87)
Taranaki * Summer 4978 109 0.85
(0.59-1.21)
Waikato * Summer 5129 233 0.38
(0.29-0.50)
West Coast * 7417 130 0.48
Summer (0.35-0.65)

1OR = 0dds Ratio, CI = Confidence Interval

Table 4

Output from a generalised linear mixed model, with farm as a random intercept,
for the odds of cow-level lameness (LS > 2 from a 0-3 scoring system) with an
island * season interaction (n = 116,317 lameness scores from 120 farms).

Characteristic N Event N OR (95 % CI)! p-value
Island <0.001
North 50,290 2143 —

South 70,023 1853 0.59 (0.46-0.75)

Season 0.002
Spring 62,135 2128 —

Summer 58,178 1868 0.87 (0.80-0.95)

Island * Season 120,313 3996 0.006
South * Summer 34,398 929 1.20 (1.05-1.36)

10R = 0dds Ratio, CI = Confidence Interval

prevalence as great as many housed lameness systems, with mean
farm-level lameness prevalence of 35 % from 44 small grazing dairy
herds in Brazil (Bran et al., 2018), and 33 % from three herds in
Tanzania (Werema et al., 2023). Australasian pasture-based dairy farms
are not immune to lameness issues too, with a mean prevalence of 18.9
% on Australian dairy farms (Ranjbar et al., 2016), prevalence as high as
36 % on single farms in New Zealand (Fabian et al., 2014) and 17 % in
this current study. Conversely, not all prevalence studies on housed
cattle reported high prevalence estimates, with mean prevalence of 9.8
% from 191 USA dairy farms, of which only 5 % were managed at
pasture (Adams et al., 2017). Thus, the same issues of heterogeneity
between studies as discussed above under change over time are apparent
with pasture exposure and lameness prevalence (Afonso et al., 2020).
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Instead, more appropriate inferences of the risk of pasture on lameness
can be found from within study comparisons. Cattle at pasture for an
entire production cycle had significantly lower odds of lameness for the
majority of lactation compared to housed cattle (Olmos et al., 2009). A
systematic review into the welfare of dairy cattle in tie-stalls compared
to less restrictive housing identified six studies in which lameness
prevalence was compared between animals in tie-stalls with and without
access to pasture (Beaver et al., 2021). In all six studies, lameness
prevalence was either lower or unchanged in the group that had access
to pasture. And more recently, a lower lameness prevalence was re-
ported in Irish dairy cattle during the grazing period compared to when
housed (Browne et al., 2022). Thus, the findings of this study support the
previously published evidence which suggests that keeping dairy cattle
on pasture is associated with a reduction in lameness risk.

Prevalence of animal health disease is ever evolving, and the prev-
alence reported in this current study do not necessarily represent the
lameness prevalence across New Zealand now, and particularly not in
the future. Instead, the authors desire these data to act as a baseline to
compare against in the future. However, at the farm level, the value of
such prevalence estimates is less clear. We recently reported that
wanting to do better than peers is not a motivator for lameness control
for New Zealand dairy farmers (Mason et al., submitted), a similar
conclusion to that from a survey of UK dairy farmers (Leach et al., 2010).
Thus although benchmarking can be useful for influencing behavior for
some dairy cattle diseases (Sumner et al., 2018), measurement of
lameness prevalence may not be useful for initiating behavioral change
related to lameness control. Furthermore, this study shows that most
herds (61 %) with an elevated lameness prevalence (i.e., >4.5 %) in
spring or summer did not have a lameness prevalence >4.5 % at the
other timepoint; indicating that a single one-off lameness prevalence
assessment may not actually produce useful data for benchmarking, as a
farm’s ranking compared to other farms can change substantially
despite no significant changes in lameness management. Instead,
benchmarking within farm, as suggested by Archer et al. (2010), may be
more useful. In pasture-based herds, rather than focusing on locomotion
scoring as a one-off procedure for audit purposes (although this may still
be required for farm assurance; (Sapkota et al., 2020), or trying to assess
when the ‘optimal’ time to lameness score is, lameness scoring should be
seen more as a tool for early identification and treatment of lame ani-
mals, with most efforts directed towards ongoing and real-time lameness
monitoring. Manual lameness scoring in pasture-based herds is likely to
require significant staff time (Sapkota et al., 2022). However, the advent
of precision livestock farming technology that can routinely monitor
lameness can potentially solve this problem (Silva et al., 2021), as it can
provide real-time evidence of changes in lameness prevalence and
response to interventions. However, work is required on the practical
implications of these technologies, in particular the less than perfect
specificity (O’Leary et al., 2020) which can potentially overwhelm
farmers with ‘lame’ cows that apparently need attention.

Training and formal assessments of each of the technicians were
carried out prior to and during the study, however, no formal agreement
measurements were reported. The use of agreement and reliability sta-
tistics, especially kappa, to assess interobserver reliability is common
within lameness research (Barker et al., 2010; Browne et al., 2022;
Wilson et al., 2022). Going beyond the well-documented criticisms from
the statistical community of reporting kappa for agreement (Gwet, 2002;
Wongpakaran et al., 2013; Dettori and Norvell, 2020), kappa are often
reported as point estimate values with no discussion on the inference of
these to the study. Barker et al. (2010) reported a range of kappa values
from 0.67 (‘moderate’ agreement) to 0.93 (‘excellent’ agreement) be-
tween lameness scorers. Whilst this may sound impressive, the reader is
given no information of the variance of these point estimates, and what
the true population agreement between the lameness scorers may be. If
agreement statistics are to be reported with lameness research, the au-
thors recommend that researchers limit the interpretation based on
arbitrary thresholds (Brennan and Silman, 1992), or avoid using these
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Fig. 3. Boxplot of the farm-level lameness prevalence for 120 farms across North and South Islands of New Zealand. Each farm had a lameness score in spring (red
bars) and summer (blue bars). The dotted line represents the median prevalence for all farms in spring, and the dashed line the median prevalence for all farms
in summer.
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Fig. 4. a) Barplot of the difference in lameness prevalence from the first score in spring and second score in summer; a positive percentage represents a prevalence
greater at the summer score than the spring score. b) scatterplot of spring lameness prevalence against summer lameness prevalence, with a locally weighted line of
best fit (blue line) and 95 % confidence interval (shaded grey area).

thresholds entirely, and ensure variance measures are supplied for every uniformly present amongst different lameness scorers. Thus, the authors
agreement statistic reported. Furthermore, irrespective of these issues, recommend that researchers measuring lameness prevalence using
simply reporting kappa (or more robust measures such as Gwet’s AC1; lameness scoring should acknowledge the limitations of less than perfect

Gwet, 2002) does nothing to account for the less than 100 % agreement agreement and interpret their results in the light of that less than perfect
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agreement. For example, in a study such as Fabian et al. (2014) which
used a single trained lameness scorer for all LS, it is likely that the errors
in identifying truly lame cows will be relatively consistent across farms.
This is because a trained individual scorer will generally score either
‘harshly’ or ‘leniently’ relative to true status (i.e. their sensitivity and
specificity will be relatively consistent). Thus, if Farm B is scored as
having more lame cows than Farm A then that conclusion is probably
correct, although there is likely to be bias in the estimate of prevalence
at both the individual farm and, therefore, at the overall study level. In
contrast, in studies which use multiple scorers, such as the current study,
there will be less consistency across farms (reducing the reliability of
ranking) and there will still be bias in the estimate of prevalence of in-
dividual farms. However, at the overall level, the prevalence estimates
are likely to more accurately reflect the true prevalence as the biases are
spread over more scorers, with some of them with greater sensitivity and
others with greater specificity, which means that the overall result is
likely to track towards the mean.

The enrolled farmers constitute ~ 1 % of all New Zealand dairy
farmers, so they may not represent the true lameness status across all
New Zealand dairy farmers. However, as they were enrolled via random
sampling within the eight most populist dairying regions in New Zea-
land, and farm characteristics of enrolled farms including a range of
herd sizes and pastoral farming systems. This contrasted with the con-
venience sampling methods used in (Fabian et al., 2014). As no farmers
declined enrolment, minimizing selection biases of farms with lameness
issues refusing to be enrolled, we believe that the inferences and con-
clusions reported here are valid. Another possible limitation of the study
was that it was carried out over two different lactation seasons,
depending on the island the farm was located on. Therefore, a direct
comparison between farms on the two islands is confounded by the year
of sampling. Whilst undoubtably there is a seasonal effect of lameness,
that in part may be due to varying weather conditions between seasons
and years (Ranjbar et al., 2016). However, as we report both an inter-
action between region and timing of LS, and a small interquartile range
for the difference between the lameness scores, we believe the emphasis
of the seasonal nature of lameness in New Zealand dairy farms is too
simplistic and overstated.

Whilst acknowledging that improvements in lameness on New Zea-
land dairy farms are still needed, the lameness prevalence reported in
the current study are low compared to the rest of the developed dairy
world and should provide confidence to advisors, farmers and con-
sumers that New Zealand dairy cattle have a low burden of lameness.
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Duration of lameness on five Waikato
dairy farms

The previous chapter identified that the median farm-level prevalence of lameness
was low across New Zealand, in comparison to international dairy systems. It was
speculated that one of the reasons for this was a shorter duration of lameness once
identified and treated; fewer chronic and refractory cases of lameness may exist in
New Zealand compared to overseas dairy systems. As incidence rate is the quotient
of prevalence and duration, defining duration of lameness can also provide valuable
information to be able to determine incidence of lameness. Furthermore, duration
of lameness can provide information on the effectiveness of a lameness treatment
protocol on farm. If the duration of lameness on a farm is longer than on other
farms, this suggests either ineffective lameness treatments or chronic lameness cases
occurring. Five Waikato dairy farms were enrolled into an observational study
where all claw-horn lameness were treated by the same veterinarian, and then
lameness scored on average every 4 days until sound. The link to this publication

can be found at https://doi.org/10.1080/00480169.2023.2219227.
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ABSTRACT

Aims: To describe the time in days for lame dairy cows to recover after diagnosis and treatment
of claw horn lameness, and to investigate whether cure rates differed between farms.
Methods: Five dairy farms in the Waikato region were conveniently enrolled into a descriptive
epidemiological study. Three of these farms had dairy cattle enrolled over two consecutive
seasons, while two farms enrolled for one year. Lame cattle diagnosed by the farmers were
enrolled into the study if they had a lameness score (LS >2 on a 0-3 scale) and claw horn
lesions. All enrolled animals were treated by a single veterinarian following a consistent
methodology, and subsequently assessed for LS at a median frequency of 4 days from
enrolment until they were sound (LS=0). The times (days) taken for animals to become
sound and non-lame (LS < 2) were reported for all animals, and Kaplan—-Meier survival curves
used to present the results. A Cox-proportional hazard model was used to assess if the
hazard of soundness was associated with farm, age, breed, lesion, number of limbs involved,
and LS at enrolment.

Results: A total of 241 lame cattle with claw horn lesions were enrolled across the five farms.
White line disease was the predominant pain-causing lesion in 225 (93%) animals, and blocks
were applied to 205 (85%) of enrolled animals. The overall median days from enrolment to
becoming sound was 18 (95% Cl =14-21) days, and 7 (95% Cl=7-8) days to become non-
lame. A difference in the hazards of lameness cure between farms was identified (p = 0.007),
with median days to lameness cure between farms ranging from 11 to 21 days. No
associations were identified between age, breed, limb, or LS at enrolment on the lameness
cure rates.

Conclusions: Treatment of claw horn lameness following industry-standard guidelines in dairy
cattle on five New Zealand dairy farms resulted in rapid cure, although cure rates differed
between farms.

Clinical relevance: Following industry best-practice lameness treatment guidelines, including
frequent use of blocks, can result in rapid lameness cure rates in New Zealand dairy cows. This
study also suggests that management of lame cattle on pasture can positively benefit their
welfare and recovery times. The reported cure rates provide veterinarians with benchmarks
on the length of time after which a lame animal should be re-examined, and in the
investigation of poor treatment response rates at the herd level.

Abbreviations: CHL: Claw horn lameness; HRR: Hazard rate ratio; KM: Kaplan-Meier; LS:
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Introduction

Lameness in dairy cattle remains one of the big welfare
concerns of dairy farming, with prevalence estimates >
30% at any given time in many dairy systems (Dippel
et al. 2009; Griffiths et al. 2018). However, prevalence
is not the only epidemiological measure of lameness
impact; incidence and duration of lameness are both
important. Duration of lameness has a huge effect on
the impact of lameness on the welfare and pro-
ductivity of dairy cattle (Archer et al. 2010; Ekanayake
et al. 2022). Thus, to understand the true impact of

lameness on a farm, knowledge of the expected
duration of lameness is essential. Furthermore, under-
standing variations in lameness duration between
farms or systems may also identify treatment and
control strategies that are more effective than others,
bypassing the need for randomised clinical trials,
which are notoriously difficult and expensive to
conduct for lameness (Thomas et al. 2015). The most
clinically relevant causes of lameness in New Zealand
are non-infectious lesions that involve damage to the
corium with subsequent haemorrhage, collectively
known as claw horn disruption lesions. These lesions
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include white line, sole, and axial groove lesions, all of
which can lead to claw horn lameness (CHL). Under-
standing the incidence of lameness is also important,
however measuring this requires continued ongoing
observation or retrospective analysis of potentially
flawed data such as farmer records (e.g. Chawala
et al. 2013). However, as incidence is dependent on
both the prevalence and the duration of disease
(Freeman and Hutchison 1980), incidence can be esti-
mated directly from these parameters.

Duration is particularly important for lameness
because, among painful diseases of dairy cattle, lame-
ness is unique in its prolonged duration of effect. It has
been demonstrated in New Zealand that dairy cows
start to lose liveweight 3 weeks prior to being diag-
nosed and treated for lameness (Alawneh et al.
2012b). Following treatment for CHL there is a period
of at least 28 days where animals have an exaggerated
response to painful stimuli (Laven et al. 2008).
However, there is very little information on expected
clinical recovery rates, with the majority of previous
research focused on time to cure describing lameness
scoring at fixed time periods (Whay et al. 2005; Laven
et al. 2008; Thomas et al. 2015). While these fixed
time periods facilitate communication of results and
comparisons between studies and systems, they do
not give accurate information on the time taken for
cattle to become sound. Fixed time points of 35 days
(Thomas et al. 2015) and 42 days (Thomas et al. 2016)
have been used in the UK to assess recovery risk. The
use of these fixed time points means that a cow
enrolled in the Thomas et al. (2016) study that
became sound 3 days after treatment would have
the same weighting as one that became sound at 41
days. Clearly, these different durations of lameness
would have resulted in profound differences in the
welfare and productivity of the lame animals. A more
powerful method of analysis of duration data is time-
to-event (survival) analysis, which identifies the time
to cure for x% of animals (usually 50%, i.e. median).
This analysis can take account of both when cows
become sound during the study period, and cows
that are lost to follow-up. In addition to time to cure,
this analysis also calculates the hazard rate of sound-
ness (i.e. the frequency at which cows become sound
per unit of time). Cure rates can be converted
without difficulty to cure risks when descriptive time-
to-event data are provided, but converting cure risks
to cure rates is usually not possible. Thus, comparisons
between the studies reporting cure risks are challen-
ging. However, the use of time-to-event analysis for
CHL cure is rare, and often incomplete. For example,
Klawitter et al. (2019) reported the hazard ratio of
cure in cows with sole ulcers treated with and
without bandages, but their measure of duration was
the proportion healed on day 28 (rather than time to
cure for x%). With respect to New Zealand data,
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Tranter and Morris (1991) analysed time to recovery
of lame cows at pasture (principally white line
disease, sole bruising and footrot), but did not use
time-to-event analysis, and their outcome measure
was mean time to recovery. Thus, there is still a gap
in the literature on the recovery rate of dairy cattle,
especially for claw horn lesions.

Knowledge on lameness recovery times is important
both to judge the welfare impact of lameness, and to
gauge whether a treatment is successful. More detailed
knowledge around expected recovery times will
empower animal health advisors and farmers to assess
farm performance of lameness treatment, and to give
more scientifically backed advice around when re-
examination of an animal is required. With the increas-
ing use of precision livestock farming, this may enable
advisors to track the recovery rates of lame animals
across various farms. The aims of this study were there-
fore to describe the clinical lameness recovery rate in
pasture-based dairy cattle diagnosed with CHL and
treated with best-practice treatment protocols, and to
assess whether the recovery rate varied between farms.

Materials and methods

This was a descriptive observational epidemiological
study. All manipulations of animals were approved
by AgResearch (Ruakura) Animal Ethics Committee
application number 15097.

Five dairy farms from the Waipa and Otorohanga
districts (Waikato region) of New Zealand were
enrolled, based on a convenience sample, in the
spring of 2020, and three of those farms were enrolled
again in the spring of 2021. The farms were enrolled
based on a proven track record of involvement in
research trials, with a location within 50 km of the
veterinary clinic that author WM was affiliated with,
and with the necessary willingness and lame cow treat-
ment facilities to conduct and participate in the study.
The start and end dates were dependent on the farm
enrolled and were based on the historical time frame
at which peak lameness incidence typically occurred
(either pre-mating or during mating). Across both
years, the median enrolment time period on the
farms was 70 (min 45, max 141) days.

The target population for this study was cows with
CHL. The eligible population consisted of all non-lame
lactating dairy animals present on enrolled farms at the
initial enrolment date. From the start date until the end
date for enrolment on each farm, animals that were
identified as lame by the farmer, and then examined
by the study veterinarian (MC), were eligible to be
enrolled in the study. Lame cattle were identified as
per normal on-farm practices, with no formal training
given to the farmers.

Following the identification of a lame animal by the
farmer, the animal was examined within 24-48 hours
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by the primary veterinarian. As a first step, all animals
had a lameness score (LS) event recorded by a tech-
nician while the cows were on a concrete collecting
yard. Scoring was based on the DairyNZ 0-3 grading
system (DairyNZ 2023) (Table 1), a method adapted
from the Agriculture and Horticulture Development
Board in the UK. Cows that were given a LS > 2 by
the technician were eligible for inclusion in the study.

For the trial, all cows were scored by the same tech-
nician who was trained to LS by author WM, and who
was re-assessed four times within the first month of the
study by the same author. Formal training consisted of
LS theory and watching pre-recorded videos, which the
technician was quizzed on until 100% agreement was
reached with author WM. A practical session was then
conducted with > 200 animals scored while walking
back to grazing following milking. Assessment of drift
was not carried out during the observation period, and
reliability measures were not assessed. For all LS events,
both the score and the limb were recorded; however,
the animal was the unit of interest for the study.

After scoring, eligible cows were placed into a
purpose-built lame cow crush on the farm. Non-lame
animals were not examined in the crush. Examination
and treatment of the lame foot followed the guidelines
set out in the DairyNZ Lameness Field Guide (DairyNZ
2017), with the primary pain-inducing claw and lesion
identified using hoof testers. After therapeutic trim-
ming, wooden blocks (Demotec blocks with Hoof-Tite
adhesive; Veehof, Ashburton, NZ) were applied to the
non-lame claw provided there was an absence of
marked pain detectable by hoof testers. The presence
of visible lesions on that claw, the LS, and lesion sever-
ity did not affect the decision making for block appli-
cation. The application of wooden blocks was

Table 1. Lameness scoring descriptors used in a study of
lameness recovery rates following treatment of dairy cattle
with claw horn lesions on 5 farms from the Waikato region
of New Zealand (adapted from DairyNZ lameness scoring
system; DairyNZ 2023).

Lameness
score Descriptor
0 Walks with even weight bearing on all four limbs at a

similar walking speed to a person, with regular stride
length and rhythm. Straight back line at all times and
head held in line or slightly below the backline and
steady when walking

1 Walks unevenly but reduced weight-bearing on affected
limb not easily obvious. May have uneven stride length
and/or rhythm. Backline straight when standing but
may be mildly arched when walking

2 Lame, with decreased stride length on affected limb.
Weight-bearing reduced on affected limb, which can
easily be identified. Walking speed slower than normal.
Backline often arched when standing and walking and
head bobs up and down when walking

3 Severely lame, with minimal or no weight-bearing on
affected limb. Reluctant to move and cannot keep up
with the healthy herd. Backline arched when standing
and walking and often large head movements up and
down when walking

ultimately done at the veterinarian’s discretion;
however, the use of blocks was actively encouraged,
and a reason recorded if one was not applied.
Farmers were incentivised to participate in the study
by having their lame cattle treated without charge.
The same veterinarian carried out all examinations
and therapeutic hoof trimming on the five farms
across both study years to ensure consistency.

In addition to exclusion from the study if they had a
LS of < 1 at the time of the veterinary visit, cows pre-
sented by the farmer to the veterinarian as lame
were excluded if they had non-CHL (e.g. footrot,
digital dermatitis, upper limb injury); lameness that
required claw amputation; bilateral LS =3 lameness;
marked pain response on medial and lateral claw of
the same limb upon hoof-testing; or non-compliance
(i.e. difficult to handle/treat). After exclusions, the
CHL identified as causing lameness were defined as
either primarily white line lesions, sole lesions, or
axial wall lesions. An animal could only be enrolled
once; any subsequent or repeat case of lameness was
not eligible for inclusion in the study.

After enrolment, an animal was removed from
further involvement in the study in the event of any
health or welfare reason(s) that might bias the study
or cause unnecessary suffering of the animal. Specifi-
cally, they were re-examined if they had a LS=3 on
more than one occasion after enrolment, or if they
became lame (LS > 2) on another limb and were then
removed from any further participation in the study.
Animals were also excluded if they were treated for
lameness by the farmer at any stage during the
study period. Animals were included within the analy-
sis up to the date of any subsequent exclusion, so that
LS data prior to exclusion was still analysed; all animals
that had at least one LS following initial lameness
examination were included in the analysis.

Once enrolled, animals had a LS event recorded a
median of 2 (min 1, max 3) times per week; the greatest
length of time between scoring events on a farm was 8
days, with a median of 4 days. All enrolled animals
were managed in a separate lame herd close to the
milking parlour and milked once per day, with the
dietary allocation decided and managed by the
farmer. Lame animals remained in this herd until the
study technician had defined them as sound (LS =0),
at which point the study concluded for that animal.
Blocks were assessed for retention up to 14 days; if
they fell off, the animal was bought back into the
crush and a block re-applied. No data were collected
on block retention after 14 days, and no attempt was
made to remove blocks from sound animals.

Statistical analysis

Descriptive statistics were tabulated and presented for
the number of animals examined and enrolled into the
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study based on farm, age, breed, year, LS at enrolment
and lesion. Age was categorised into 2, 3, 4-8 and > 8
years of age. Breed was defined as one specific type if
an animal had > 12/16 of one breed as defined by Live-
stock Improvement Corporation (Hamilton, NZ); all
others were defined as cross-bred. All analyses were
carried out at the cow level and were undertaken
using R Version 4.2.0 (R Core Team, 2022; R Foundation
for Statistical Computing, Vienna, Austria).

Survival analysis techniques were used to analyse
the days from enrolment to being diagnosed as
sound. Kaplan-Meier (KM) survival curves, with risk
tables, were produced for each farm, and overall.
Animals were right-censored at the time they were
removed from the study due to post-inclusion
removal, or at the last LS event if they did not have a
LS=0. The time-to-event for 10%, 25%, 50%, 75%
and 90% of enrolled lame cows to become sound
was reported, and the probability of lameness cure,
with 95% Cl of the KM estimate using the log-log
method, at 7, 14, 21, 28 and 35 days presented.

Table 2. Descriptive statistics (number (n) and percentage) of
the population of enrolled dairy cattle with claw horn
lameness across two dairy seasons (n=241) recorded as
part of a study of lameness recovery rates following
treatment on 5 farms from the Waikato region of New
Zealand.

Year
Overall 2020 2021

Variable (n=241) (n=151) (n=90)
Farm

Farm 1 33 (14%) 33 (22%) 0 (0%)

Farm 2 78 (32%) 31 (21%) 47 (52%)

Farm 3 33 (14%) 21 (14%) 12 (13%)

Farm 4 60 (25%) 29 (19%) 31 (34%)

Farm 5 37 (15%) 37 (25%) 0 (0%)
Claw-horn lesion

Sole 16 (6.6%) 10 (6.6%) 6 (6.7%)

White line 225 (93%) 141 (93%) 84 (93%)
Two limbs involved

No 226 (94%) 140 (93%) 86 (96%)

Yes 15 (6.2%) 11 (7.3%) 4 (4.4%)
Age (years)

2 18 (7.5%) 12 (7.9%) 6 (6.7%)

3 22 (9.1%) 14 (9.3%) 8 (8.9%)

4-8 161 (67%) 99 (66%) 62 (69%)

>8 40 (17%) 26 (17%) 14 (16%)
Breed

Friesian 61 (25%) 41 (27%) 20 (22%)

Jersey 47 (20%) 24 (16%) 23 (26%)

Cross-breed 133 (55%) 86 (57%) 47 (52%)
Block applied

No 34 (14%) 25 (17%) 9 (10%)

Yes 207 (86%) 126 (83%) 81 (90%)
LS® at enrolment

2 218 (90%) 138 (91%) 80 (89%)

3 23 (9.5%) 13 (8.6%) 10 (11%)
Limb

Back left 124 (51%) 82 (54%) 42 (47%)

Back right 99 (41%) 61 (40%) 38 (42%)

Front left 10 (4.1%) 5(3.3%) 5 (5.6%)

Front right 8 (3.3%) 3 (2.0%) 5 (5.6%)
Claw

Lateral 189 (78%) 131 (87%) 58 (64%)

Medial 52 (22%) 20 (13%) 32 (36%)

“Lameness score (LS) system adapted from DairyNZ (2023).
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To assess statistical associations between potential
risk factors and the hazard rate of soundness, Cox pro-
portional-hazard models were generated. Potential
risk factor variables and confounders included farm,
age, breed, block application, loss of block, lesion,
year of enrolment, LS at enrolment, and multiple limb
involvement. Each of these potential risk factors were
initially screened with respective unconditional Cox
proportional-hazards models and any that had a likeli-
hood ratio test p < 0.20 were included in an initial multi-
variable Cox proportional-hazards model; no
interactions were assessed due to the low power to
assess interactions and lack of biological plausibility.
Backwards elimination of variables was carried out
until the likelihood ratio test between two nested Cox
proportional-hazard models had a p < 0.05. Those vari-
ables that were removed from the model were then
placed back in one by one, in order of the smallest p-
value from the likelihood ratio test to the greatest to
assess for confounding. If the variable altered the coeffi-
cients or standard errors of the included risk factors by >
20%, then it was considered a confounder and retained
in the model. Results from the model were reported as
hazard rate ratios (HRR) with associated 95% Cl and p-
values. The HRR and 95% Cl for all unconditional associ-
ations were also reported. The proportional hazards
assumption was assessed using a global statistic
based on Schoenfeld residuals. Deviance residuals and
Cook’s distances were investigated to assess for outliers
and influential observations, respectively.

The KM descriptive statistics as described above
were then replicated for the number of days taken for
an animal to become non-lame (LS < 1) as the outcome.

Results

A total of 284 animals were examined for lameness
from five farms, with 241 animals enrolled. Those not
enrolled were excluded due to either footrot (n = 26),
upper-limb lameness (n=5), or no identifiable lesion
despite a LS>2 (n=12). The majority of lameness
identified in the enrolled cows on the five farms was
diagnosed as being due to white line disease (225/
241; 93%), with only 16/241 (7%) of animals diagnosed
with a primary sole-based lameness-causing lesion
(Table 2). There were no animals diagnosed and
enrolled with axial wall lesions. In total, 16/241 (7%)
enrolled animals had lameness in the front claws.
Fifteen animals (6%) had clinical lesions on two
limbs; all of these were in hind feet. In total, 207/241
(86%) enrolled animals received a wooden block on
the sound claw. Eleven of the 207 (5.3%) blocks fell
off within 14 days of treatment and were replaced.
Monthly CHL incidence rates on the farms during the
study periods ranged from 2.0 to 9.2 cases per 100
cow months, with a median of 3.5 cases per 100 cow
months (Supplementary Table 1).
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Figure 1. Kaplan-Meier estimate of cumulative survival curve
and risk table for the days to become sound (lameness score =
0, adapted from DairyNZ 2023) following treatment for dairy
cattle (n=241) with claw horn lesions on five farms in the
Waikato region of New Zealand. The shaded area represents
95% log-log Cl, and the + are right-censored animals.

Time to soundness (LS =0)

The overall median days taken from enrolment to
becoming sound was 18 days, i.e. 50% of lame cows
were sound and back with the main milking herds
within 18 (95% Cl=14-21) days of treatment (Figure
1 and Table 3). The cumulative unadjusted KM survival
curve, and associated risk table, highlights a relatively
consistent pattern in the time taken for animals to
become sound up to approximately 35 days following
enrolment. It took 7 days for at least 10% of animals to
become sound, 11 days for 25%, 28 days for 75% and
35 days for 90%.

There were 25/241 (10.4%) animals right censored
(median 14 (min 3, max 47) days) that never achieved
a recorded LS =0 event after treatment. Six of those
became lame on a different limb, 13 were re-treated
because lameness did not improve or became worse,
three were treated by the farmer after enrolment,
and three were the result of unrelated death or
culling. If it was assumed that all 25 censored
animals would have been LS >0 at 60 days following
treatment, then the only major difference noted
would have been an overall cure rate of 90%, com-
pared to 99%. The time for 50% and 75% of animals
to become sound would have increased by 1 day, to

Table 3. Kaplan-Meier non-parametric cumulative survival
probability (with 95% Cl) for probability of soundness
(lameness score® (LS) = 0) and probability of non-lame (LS <
1) at 7, 14, 21, 28 and 35 days after enrolment in a study of
lameness recovery rates following treatment of dairy cattle
with claw horn lesions on 5 farms from the Waikato region
of New Zealand.

Probability of lameness cure

Days since enrolment LS=0 LS<1
7 0.19 (0.25-0.15) 0.54 (0.61-0.48)
14 0.46 (0.53-0.4) 0.81 (0.86-0.76)
21 0.62 (0.69-0.56) 0.94 (0.97-0.9)
28 0.8 (0.85-0.74) 0.97 (0.99-0.94)
35 0.91 (0.94-0.86) 1.00

LS adapted from DairyNZ (2023).

Farm
+1
+2
+3
+4

Proportion Sound
g

7 14 21 35 42 49 56

2%
Days from Diagnosis

Figure 2. Cumulative survival curve from a Cox proportional-
hazard model for the days to become sound (lameness score
=0, adapted from DairyNZ 2023) following treatment for dairy
cattle (n = 241) with claw horn lesions on each of five farms in
the Waikato region of New Zealand.

19 and 29 days, respectively, while there would have
been no difference in the time taken for 10% and
25% of animals to cure.

The only variable that was included in the final Cox
proportional-hazard model was farm, with differences
noted between farms in the hazard rates of becoming
sound following lameness treatment (Figure 2, Table
4). The predicted median survival times by the KM
analysis ranged from 11 days to 21 days, and HRR
from the Cox proportional-hazard model were signifi-
cantly different between farms (p =0.007). From the
unconditional Cox proportional-hazard models, no
associations were identified between any of the other
potential risk factor variables and time to soundness
(Table 5). No deviation from the proportional hazards
assumption was identified, and no influential obser-
vations or outliers were identified. There was also no
association between application of a block compared
to no application of a block (HRR = 1.26; 95% Cl = 0.8-
1.9), although the proportional hazard assumption
was violated, so this inference may be invalid.

With non-lame as the outcome (number of days to
first LS < 1), the median number of days predicted by
the KM analysis to become non-lame was 7 (95% Cl
=7-8) days (Figure 3 and Table 3). It took 4 days for
at least 10% of animals to become non-lame, 7 days
for 25%, 14 days for 75% and 21 days for 90%. The
median number of days to non-lame event per farm
ranged from 7 to 9 days, but there was a greater
range between farms for when 75% of the animals
became non-lame (11-21 days).

Discussion

This observational study reports the cure rates of lac-
tating dairy cattle with LS > 2 diagnosed with CHL on
five New Zealand dairy farms undergoing best-practice
hoof trimming treatment. Median cure rates to sound-
ness of 18 days and to non-lame in 7 days were
reported, highlighting that excellent recovery rates
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Table 4. Results of final Cox proportional-hazards semi-
parametric regression model predicting hazard rate ratio
(HRR) for return to soundness following treatment of dairy
cattle (n=241) with claw horn lesions on five farms in the
Waikato region of New Zealand.

Variable/category ~ Coefficient SE HRR (95% CI) P-value
Farm 0.007
1 Reference
2 0.43 022 1.54(1.00-2.39)
3 0.26 027  1.29 (0.76-2.21)
4 0.26 023  1.30 (0.82-2.06)
5 0.92 026 251 (1.50-4.18)

can be achieved in lame New Zealand dairy cattle,
even when the animals are identified as lame by
farm staff without routine measurement of LS. Differ-
ences in cure rates between farms were also identified.

A range of values for risk of cure of CHL have been
previously reported, with the majority of these con-
siderably poorer than those reported in the current
study. Studies from the UK had non-lame cure risks
ranging from 78.6% 2 weeks after treatment (Miguel-
Pacheco et al. 2017) to 15% at 42 days (Thomas et al.
2016). At 35 days after treatment in a randomised clini-
cal trial on acutely lame animals in the UK, soundness
cure risks of 24-55% were reported (Thomas et al.
2015); for comparison purposes, 90% of lame animals
had returned to sound in the current study by 35
days. The cure risk has also varied in studies conducted
on cattle managed at pasture. An early New Zealand
study of pasture-based cattle reported mean recovery
times of 27 days from 73 animals with white line
lesions and 30 days from 78 animals with bruising
(Tranter and Morris 1991). More recently, Laven et al.
(2008) reported between 54% and 79% cure risk 28
days after treatment for soundness (LS =1/5), or 62—
91% 28 days after treatment with non-lame as the

Table 5. Results of univariable Cox proportional-hazards semi-
parametric regression models predicting hazard rate ratio
(HRR) for return to soundness following treatment of dairy
cattle (n =241) with claw horn lesions on five farms in the
Waikato region of New Zealand.

Variables HRR (95% Cl) P-value
Age (years)
>8 Ref 0.48
2 0.89 (0.49-1.63)
3 0.69 (0.40-1.20)
>3-8 0.77 (0.54-1.11)
Lame limbs
1 Ref 0.72
2 0.91 (0.53-1.56)
Lameness score at enrolment (0-3 scale?)
2 0.50
3 0.85 (0.52-1.38)
Breed
Friesian Ref 0.72
Jersey 1.1 (0.74-1.65)
Cross-breed 0.95 (0.69-1.32)
Year
2020 Ref 0.1
2021 0.8 (0.60-1.06)

?Adapted from DairyNZ (2023)
Ref = the reference category for each categorical variable.
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Figure 3. Kaplan—Meier estimate of cumulative survival curve
and risk table for the days to become non-lame (lameness
score < 1, adapted from DairyNZ 2023) following treatment
for dairy cattle (n=241) with claw horn lesions on five
farms in the Waikato region of New Zealand. The shaded
area represents 95% log-log Cl, and the + are right-censored
animals.

outcome (LS < 3/5). The cure rates reported for the
current study are most similar to the recovery rates
reported by Australian farmers from a study three
decades ago (Pyman 1997). Almost 50% of animals
treated with a wooden block had an improved LS by
3 days and 65.8% by 7 days; however, these cure
rates were reported by the farmer and a more subjec-
tive and unvalidated LS method was used in that study,
thus the quality of the information is uncertain. To the
authors’ knowledge, the cure rates reported in the
current study are both the most sensitive ever
reported for CHL due to the frequent nature of the
LS events and are among the shortest time-to-sound-
ness estimates reported.

In order to assess the true lameness cure risks/rates,
it is important to consider animals that were either
removed from the study after enrolment (Thomas
et al. 2015, 2016), or those that were re-treated but
remained in the study (Laven et al. 2008). In some
studies, this is no trivial matter. For example, 33 out
of the initial 189 enrolled lame cattle (17.5%) in the
study by Thomas et al. (2016) were lost to follow up
and not analysed, with 13/33 of these due to re-treat-
ment of lameness. From a total of 3,967 individually
treated lame animals in Taranaki, New Zealand, 521
had a re-treatment event recorded, although no
further data were provided on the time frame from
first to second case of lameness (Chesterton et al.
2008). In all studies reporting cure risk, an a priori
decision has to be made on whether those animals
are included or removed from the analysis. Regardless
of the decision, this biases the cure risks such that the
true cure risks are likely poorer than reported. One of
the major advantages of using survival analysis tech-
niques is that all enrolled animals can make up part
of the denominator at some stage prior to censoring.
The current study had 25 censored animals, 19 of
which were either re-treated for lameness in the
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same limb or became lame in a different limb. Using
sensitivity analysis, we could confirm that these cen-
sored observations did not influence the median
time to cure, and only made a 9% difference to the
final cure risk at 60 days if it were assumed that none
of these would have cured.

Another challenge of lameness research measuring
cure risk/rate as the outcome is that of recurrent lame-
ness vs. a new case of lameness. If only single LS time
points are reported, it may be near-impossible to
differentiate an ongoing case of lameness from an
animal becoming sound and then lame again,
especially in systems with high prevalence of lame-
ness. Animals in the study by Groenevelt et al. (2014)
had a more than 30% lower cure risk at 18 weeks
post-treatment compared to 2 weeks post-treatment,
highlighting how substantial this issue can be. The
current study focused on time to first soundness
event with frequent assessments and, as such, the
issue of recurrent vs. new cases was not an issue.
However, the animals were not followed beyond the
point at which they became sound, so no information
was available on whether those animals then became
lame again. Cure rates also depend on whether the
analysis is at the limb level or cow level. Despite the
very poor cure rates at the cow level reported in
Thomas et al. (2016), when the apparent leg-cure was
used as the outcome, rather than the whole animal,
cure rates between 52% and 58% for each of the treat-
ment groups were reported. Although cure rates were
assessed at the cow level in the current study, there
was a low incidence of contra-lateral limb lameness
reported, so we do not believe this to be a large issue.

There is a consensus that time to lameness diagno-
sis and lameness treatment protocols are strongly
associated with lameness cure risk (Groenevelt et al.
2014; Thomas et al. 2015; Pedersen and Wilson 2021).
Although it is hypothesised that the adherence to
best-practice treatment protocols and prompt identifi-
cation of the lame cattle were at least partly respon-
sible for the rapid cure times noted in this study, no
control group was present to assess this. Farmers
were incentivised by having the lame animals treated
and managed for them at no cost and this undoubt-
edly increased their motivation to identify lame
animals early. However, this was similar to the study
protocol of Laven et al. (2008). Alawneh et al. (2012b)
also offered to treat lame animals at no cost, yet
there was still a median period of 3 weeks of weight
loss before lameness was identified. Furthermore,
although all cows identified with LS >3 (1-5 scale)
were eventually presented for lameness treatment by
the farmer in the study by Alawneh et al. (2012a), >
40% of these were treated > 3 weeks after being ident-
ified as lame. Therefore, it is unlikely that a large pro-
portion of the cure rates in the current study can be
attributed to rapid identification of lameness.
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The use of blocks on the sound claws was encour-
aged in all animals, regardless of size and severity of
lesions. Whilst the study design did not enable direct
inferences to be assessed, the authors propose that
the high frequency of blocks may be at least partially
responsible for the rapid cure rates identified. Blocks
were applied to 85% of all enrolled cattle, with 50%
of animals non-lame within 1 week of treatment.
Laven et al. (2008) reported that 45% of all lame
animals enrolled required a plastic shoe based on
lesion severity and size, and that usage below this pro-
portion likely indicates underuse of this treatment. The
present authors would go one step further and state
that, based on the results from the current study,
there should be a good reason provided not to apply
a block, rather than requiring reasons to administer a
block, and we should aim for targets close to 100%
of animals with CHL receiving some form of block.

The authors speculate that the other likely reason
for the relatively rapid cure rates reported in this
study is the post-treatment management of the lame
animals, an area that has received little attention in
the lameness literature compared to rapid detection
and prompt treatment. There has been concern for
the welfare of lame cattle post-treatment in pasture-
based dairy cattle due to the perceived distances
that they need to walk (Pinheiro Machado Filho and
Gregorini 2022). In this study, as is common practice
in New Zealand, to minimise the impact of walking
on lameness recovery, all of the lame cows were
managed in a separate herd close to the milking
parlour and milked once per day until they recovered.
This management approach probably reduced time to
soundness by maximising time spent on pasture and
minimising the contact with hard-wearing surfaces
such as tracks and collecting yards (an approach that
has been shown to have benefits in lame cows that
are normally housed; Hernandez-Mendo et al. (2007);
Black et al. (2017)). The differences in cure risk apparent
when the lameness studies are collapsed into housed
or pasture-based systems support this suggestion,
with the poorest cure risk/rates associated with
housed cows (Thomas et al. 2015, 2016; McLellan
et al. 2022), and all of the best cure risk/rates reported
on pasture-managed cattle (Pyman 1997; Laven et al.
2008). The comparisons between these studies
strongly suggest that management system has the
biggest impact on the cure risk of CHL (even greater
than the speed of recognition of lameness), and that
post-treatment management must always be con-
sidered as part of the optimal treatment strategy for
lame cows. Nevertheless, it is important to identify
that there is an absence of evidence that the strategy
of managing lame cows in close proximity to the
milking parlour does improve lameness cure risk,
and, if it does, what the optimal regime is, particularly
in regard to how long cows should be kept in the lame
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group. Having a separate group of lame cows is not
without costs or potential welfare impact (grass avail-
ability is often lower and re-introduction to the main
herd may result in increased experience of agonistic
behaviour).

Appropriate post-treatment management also
includes defining when an animal should be re-exam-
ined and re-treated in the face of poor treatment
response. NZ dairy industry advice is that animals
should be re-examined if lameness worsens or does
not improve within 7 days (DairyNZ 2017), although
this was based on expert opinion rather than pub-
lished evidence. This study does provide some evi-
dence to corroborate the advice that lame animals
that have not improved within 7 days should be re-
examined. Farmers and veterinarians should have
systems in place to monitor and manage the re-treat-
ment of lame animals.

Differences were identified in lameness cure rates
between farms, despite the animals undergoing the
same treatment protocols by the same veterinarian
and similar management post-treatment (within
200 m of milking parlour, regular monitoring for treat-
ment failure and milked once per day). Thus, much of
the variation in the treatment itself was removed. We
do not know why the differences between farms
occurred, but HRR on the farm with the most rapid
lameness cure rates was two times higher than on
the farm with the slowest cure rates. Further investi-
gation into the reasons between farm differences
may provide some insight into lameness risk factors
and possible improvements in lameness treatment,
particularly with respect to after care. Validating and
using continuous precision livestock farming systems
for LS in the future may highlight these farms, allowing
benchmarking and investigations into why cure rates
were different between farms.

It is important to note that the current findings may
not be extended to all New Zealand dairy farms. All five
farms were located within the Waikato region and
carried out at a similar time of year (late spring, early
summer). There have been reported differences in
month of peak lameness incidence between North
and South Islands (Chesterton et al. 2008; Gibbs
2010), and it is not known whether cure rates of lame-
ness identified later in lactation would be different to
those identified earlier in lactation. Furthermore,
these farms were conveniently selected due to histori-
cal study compliance of the farm owners and man-
agers, and these farmer behavioural traits may also
flow on to how they handle stock. Finally, the lesion
type was predominantly white line, with little primary
sole lesions and no axial wall lesions. While the pro-
portion of lameness attributable to white line disease
is increasing in New Zealand (Gibbs 2010; Lawrence
et al. 2011), the proportion noted in this report is
greater than those previous reports.
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There were some limitations with the internal val-
idity of the data. One potential source of bias with
this study design was the farmer-reporting of lameness
cases, as described previously in this discussion. Whilst
the specificity and positive predictive value of included
lameness cases was increased in this study as both
farmers and trained technicians had to record the
animal as lame, the low sensitivity of lameness detec-
tion in New Zealand (Fabian et al. 2014) suggests
that there would have been unidentified lame cows
present within the enrolled herds. Cows identified
lame by New Zealand farmers have both a greater LS
at diagnosis, and a greater duration of lameness com-
pared to those identified by trained dedicated obser-
vers (Alawneh et al. 2012a). Therefore, while the lame
animals identified in this current study represent
lame animals typically identified and treated by NZ
farmers, they likely represent lame animals on the
more severe and chronic spectrum of the disease.
Chronicity of lameness is an important predictor of
cure risk (Thomas et al. 2015, 2016) with shorter time
to lameness identification being associated with
improved cure risks (Groenevelt et al. 2014). There
was also a potential bias with the non-parametric KM
estimate used to report time to cure. As is common
with most medical time-to-event data, the data were
interval-censored with LS occurring at a median of
every 4 days. The KM estimate assumes that the
moment of the event (in this case lameness cure)
occurs at the time of observation. In reality, the
animal may have become sound at any stage
between two LS events. Other estimates, such as the
Turnbull estimate, provide methods to account for
interval-censoring. The KM estimate was used here
despite this limitation for several reasons. Firstly, the
interval length between LS events was biologically
small (median of 4 days). Thus, the impact of this
bias is likely to be very small and not biologically rel-
evant. Secondly, and consequently, the communi-
cation of KM methods is well used and understood in
the veterinary profession. The methods defining KM
estimates and their variance are more straightforward
than those for interval censored data, and reporting of
KM outcomes enables more ready comparisons
between studies, including for different disease pro-
cesses if desired. The implication of both farmer diag-
nosis and interval-censored data is that the estimates
presented may be conservative, and that the true
lameness cure rates on these farms may be even
more rapid. Finally, as the technician and veterinarian
were both employed by the same company, it was
possible that unconscious bias was occurring from
the technician with LS. While this is highly unlikely
from a trained research technician, this bias cannot
be completely ignored.

Despite these limitations, this descriptive study pro-
vides evidence that rapid times to non-lameness and
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soundness are possible on New Zealand dairy farms,
and that cure rates can differ between farms. Knowl-
edge on expected recovery rates can be used at the
farm level, by identifying animals that should be re-
examined if still lame after x days, and also at the
industry level, by identifying and investigating why
certain farms have more rapid lameness cure rates
than other farms. Importantly, these data provide
further evidence that the management of lame cattle
on pasture can positively benefit their welfare and
recovery times.
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Farm-level risk factors for dairy cattle
lameness

Whilst Chapter 2 reported on the low lameness prevalence in New Zealand dairy
cattle, it was apparent that there was a large range between farms (0.0 to 17.0%).
This suggests that there are certain farm-level risk factors for lameness on certain
farms. Farmers enrolled into the prevalence study were all provided with a question-
naire on potential farm-level risk factors, as well as the treatment protocols used
on farm. I report here on the questionnaire results from the 119 responders, with
the goal of identifying farm-level variables that could be controlled or promoted
to reduce the impact of lameness on farms. Descriptive statistics on lameness
treatment and recovery protocols used across these farms are also reported. This

manuscript has been submitted to the New Zealand Veterinary Journal.
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ABSTRACT

AIMS: The aim of this study was to identify farm-level risk factors for dairy cow lameness, and to describe

lameness treatment protocols used on New Zealand dairy farms.

METHODS: One hundred and nineteen farms from eight major dairying regions of New Zealand were
randomly enrolled into a cross-sectional lameness prevalence study. Each farmer completed a
questionnaire on lameness risk factors and lameness treatment and management. Trained observers
lameness scored cattle on two occasions, between October-December (spring, coinciding with peak
lactation for most farms) and between January-March (summer, late lactation for most farms). A four-point
0-3 scoring system was used to assess lameness, with animals with a lameness score (LS) > 2 defined as
lame. At each visit, all lactating animals were scored including animals that had previously been identified
as lame by the farmer. Associations between the farmer-reported risk factors and lameness were
determined using mixed logistic regression models in a Bayesian framework, with farm and score event as

a random effect.

31



4. Farm-level risk factors

RESULTS: A lameness prevalence of 3.5% (2,113/59,631) was reported at the first LS event, and 3.3%
(1,861/55,929) at the second LS event. There was a median prevalence of 2.8% from the 119 farms, with a
range of 0.0 to 17.0%. Most farmers relied on informal identification by farm staff to identify lame animals
(90/117; 77%). On 65% (75/116) of farms, there was no external provider of lame cow treatments, with the
farmer carrying out all lame cow treatments. Most farmers had no formal training (69/112; 62%). Animals
from farms that used concrete stand-off pads during periods of inclement weather had 1.49 times the odds
of lameness compared to animals on farms that did not use concrete stand-off pads (89% uncertainty
interval 1.19 — 1.88; posterior probability 100%). Animals from farms that reported peak lameness
incidence from January-June or all-year-round, had 0.76 times odds of lameness compared to animals from
farms that reported peak lameness incidence from July-December (89% uncertainty interval 0.51 — 0.84;

posterior probability 100%).

CONCLUSIONS: Lameness prevalence was low amongst the enrolled farms. Use of concrete stand-off

pads and timing of peak lameness incidence were associated with odds of lameness.

CLINICAL RELEVANCE: Veterinarians should be encouraging farmers to have formal lameness
identification protocols and lameness management plans in place. There is ample opportunity to provide
training to farmers for lame cow treatment. Management of cows on stand-off pads should consider the

likely impact on lameness.

KEY WORDS:

Lameness, Risk factors, Treatment, Concrete, Dairy Cattle

ABBREVIATIONS:

LS — Lameness score
MICE - Multiple imputation chained equation

OR — Odds ratio
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Ul - Uncertainty interval

INTRODUCTION

Worldwide, lameness is one of the most important dairy cattle diseases impacting animal welfare (Whay
and Shearer 2017), productivity (Huxley 2013), the environment (Mostert et al. 2018) and the social
license to dairy farm (Hampton et al. 2020). We thus need effective evidence-based prevention strategies

to reduce the burden of lameness.

For lameness, most of our evidence base is derived from large-scale observational studies (Bran et al.
2018; O’Connor et al. 2020; Browne et al. 2022a). Whilst such studies do not allow temporal causation to
be assessed, the complexities and cost of conducting interventional studies for claw-horn lameness
(Thomas et al. 2015; Wilson et al. 2022), compared to the relative ease of collecting data on a large
number of farms/cows, means that observational studies have been key to our understanding of the

epidemiology of disease.

These observational studies have identified a wide range of risk factors including animal-level risk factors
such as age (Mason 2017), previous lameness (Randall et al. 2018), and body condition score (Lim et al.
2015) as well as farm-level risk factors such as housing system (Haskell et al. 2006), routine hoof-
trimming (Griffiths et al. 2018), patience of farm staff (Chesterton et al. 1989) and rainfall (Ranjbar et al.
2016). However, the multifactorial nature of lameness involving, as it does, animal, environment and
management components means that we need system-specific studies that identify risk factors for that
system (Ranjbar et al. 2016). For example, Barker et al. (2010) identified the use of automatic floor
scrapers as a key risk factor, while (Chesterton et al. 1989) identified track maintenance as an influential
factor. The first of these is not relevant to cows kept permanently at pasture, while the second is irrelevant

in zero-grazed cows.
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In New Zealand, dairy cows on the vast majority of farms are kept permanently at pasture. This means that
they are not regularly exposed to hard surfaces outside of milking time and, on an increasing number of
farms (Milet et al. 2015), when they are fed supplementary feed (usually for a short period of time before
or after milking). This system is markedly different from many of the systems used in North America and
Europe where much of the research on lameness risk factors has been undertaken (Olechnowicz and
Jaskowski 2010; Oehm et al. 2019). Thus, in order to develop evidence-based lameness control
programmes for dairy cattle in New Zealand we need research that is relevant to the New Zealand system.

However, there is a lack of such data (Ranjbar et al. 2016).

This means that the current industry-led lameness programme, Healthy Hoof (DairyNZ, Hamilton, New
Zealand) has based its guidelines for lameness prevention on a mix of recommendations supported by
published evidence and recommendations from expert opinion. Indeed, recommendations are often a mix
of the two. For example, maintaining farm tracks immediately around the milking parlour is emphasised as
a crucial risk-reduction strategy. This is consistent with the findings of Chesterton et al. (1989) that
“average maintenance state of the main track" accounted for 13.7% in the variation in lameness prevalence
between farms. However, the focus on tracks near the milking parlour is based on expert opinion that these
tracks will be responsible for most of the impact on lameness of poorly maintained tracks. Furthermore,
expert opinion is used to decide where there is conflicting published evidence. For example, Healthy Hoof
recommends that, for Friesian cows, the size of the collecting yard should be at least 1.5 m? per cow. This
focus on collecting yard size (though not the specific minimum) is consistent with Ranjbar et al. (2016)
who reported that an increase in the available space was associated with a reduction in the odds of
lameness. However, Chesterton et al. (1989) reported that increased space per cow in the collecting yard
was associated with an increase in the odds of the farm having a high lameness prevalence. This
combination of evidence-base and expert opinion stands in stark contrast to the New Zealand-developed

SmartSAMM  mastitis and milk quality programme (https://www.dairynz.co.nz/animal/cow-
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health/mastitis/tools-and-resources/about-smartsamm/) which is backed up by 23 evidence-based technotes

(https://www.dairynz.co.nz/animal/cow-health/mastitis/tools-and-resources/guidelines-and-technotes/).

We clearly need more data and analysis of the risk factors for lameness in pasture-based cattle in New
Zealand, so that we can better guide lameness control programmes. Furthermore, to develop such
programmes, we need a better understanding of what is currently happening in regard to lameness
treatment and management of New Zealand dairy farms. Thus, the aims of this study are to describe the
lameness treatment and management practices carried out on New Zealand pasture-grazing dairy farms and

to investigate farm-level risk factors for lameness on those farms.

METHODS

The study was designed as a cross-sectional descriptive study, with all procedures approved by Massey
University human ethics committee, application number 4000025095 and Massey University animal ethics

committee application number Protocol 21/55 and 22/36.

Details on farm enrolment and lameness score methods are described in full in Mason et al (submitted). In
brief, a total of 120 dairy farms across New Zealand were enrolled into a lameness prevalence and risk
factor cross-sectional study. Veterinary clinics from eight territorial regions of New Zealand, four within
the North Island of New Zealand (Northland, Waikato, Taranaki and Manawatu) and four within the South
Island of New Zealand (West Coast, Canterbury, Southland and Otago), were contracted to each randomly
enrol fifteen farms. On each farm, the locomotion of all lactating cows was scored on two occasions during
one dairy season (New Zealand dairy seasons are from 1 June to 31 May), using a 0 — 3 scale, where
lameness score (LS) > 2 was considered clinically lame (DairyNZ lameness score; Table 1). Animals were
scored by trained and calibrated observers (one observer for each region) immediately after milking whilst
walking on a flat concrete surface. This included animals that had been previously identified as lame by the

farmer and had been placed into a separate herd at the time of the lameness scoring visit. Animals with LS
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> 2 and the total number of animals scored on each farm were tallied. This data is the subject of a separate
publication (Mason et. al, under review) and further information on the results of the lameness scores can
be found in that publication. The power of the study, and thus the number of farms enrolled, was selected
based on being able to detect lameness prevalence to within 5%, if the true prevalence estimate was 8.3%.
It was not powered to detect differences between farm-level risk factors. However, the power calculation
of 100 cows from 100 farms used in Browne et al. (2022a) would infer that the current study was powered

to detect a risk factor with a relative risk of 1.3, with an 80% power.

Table 1. Lameness scoring descriptors used in a cross-sectional observational study investigating farm-
level risk factors for lameness (adapted from DairyNZ Lameness Scoring system)

Lameness
Score
Descriptor
0 Walks with even weight bearing on all 4 limbs at a similar walking speed to a person, with regular stride

length and rhythm. Straight back line at all times and head held in line or slightly below the backline and
steady when walking

1 Walks unevenly but reduced weight-bearing on affected limb not easily obvious. May have uneven stride
length and/or rhythm. Backline straight when standing but may be mildly arched when walking.

2 Lame, with decreased stride length on affected limb. Weight bearing reduced on affected limb which can
easily be identified. Walking speed slower than normal. Backline often arched when standing and walking
and head bobs up and down when walking

3 Severely lame, with minimal or no weight bearing on affected limb. Reluctant to move and cannot keep up
with the healthy herd. Backline arched when standing and walking and often large head movements up and
down when walking.

On each of the farms, the primary decision maker for animal health was asked to respond to a survey after
the completion of the first farm visit. The farmers were blind to the results of the lameness score until the

completion of the study, and no lameness advice was provided to the farmers by study personnel.

Farmer questionnaire

A questionnaire consisting of four sections was sent to all enrolled farmers. The first section consisted of
farm demographics and descriptive information and included responses on herd size, breed proportion,

collecting yard shape and size, milking parlour design, milking frequency, farmer-defined lameness
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incidence risk for the lactation and month of peak lameness incidence. The second and third sections were
on lameness diagnosis and treatment, respectively. This included how lame cows were identified, whether
all lame cows had their hooves lifted and examined, if lame cows were treated in a purpose-built lame-cow
crush, whether lame cows were treated by an external operator (veterinarian and/or hoof-trimmer), if the
farmer had had any formal lameness treatment training, the predominant lameness lesion identified, the
proportion of lame cows that received NSAIDs or a block, and whether any culling decisions were based
on lameness or if the farmer prioritized culling based on lameness. Data were also collected on whether
lame cows were milked once-a-day, and if lame cows were always managed in a separate herd near the
milking parlour. The final section was on lameness and animal handling management on farm, and
included the use of a top-gate, whether the backing-gate or top-gate was alarmed or electrified, whether
dogs were used to move cows, whether the farm had a permanent foot-bath or in-shed feeding, or whether
they used a concrete ‘stand-off” pad (i.e., cows were held on either a feed pad or on the collecting yard
during periods of inclement weather to protect pasture from pugging damage). Farmers were also asked to
report the maximum one-way distance a cow would walk and the average distance walked per day across
the season, and what percentage of the farm tracks underwent maintenance every year. Questionnaires
were completed by the primary decision maker on farm either in person at the completion of the first LS
visit, or within two weeks following the first LS via phone consultation, with farmer responses transcribed
by the technician. Study technicians were responsible for transcribing all questionnaire responses into a
Microsoft Excel spreadsheet. All responses were from the farmer, with no on-farm validation of farmer

responses by study personnel (Supplementary Table 1).

Statistical methods

At the completion of the collection period, the raw questionnaire data in a .csv file was imported into R (R
Core Team 2023), where all data analysis was conducted. Farmer survey data were tabulated and reported

descriptively, split by whether they were on the North or South Island.
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Scores for individual cows were collapsed into lame (LS 2 or LS 3) or non-lame (LS < 2) categories and
the unit of interest for all lameness score data was at the cow level. All continuous variables were
categorised into two or three categories each containing an equal number of farms, based on discussions
between the researchers on the biological relevance and granular reporting of the answers. The proportion
of each breed was recategorised as the single breed that made up the greatest amount of the herd. The
month of greatest number of lameness cases was categorized into July-December, or January-June, with
the latter category including all responses where “all months’ were reported as the greatest number of
lameness cases. As farmers could select more than one option for lameness detection methods, this
variable was collapsed into whether farmers only identified lame animals informally when cow were
walking to and from the milking parlour, or if they selected any of the formal lameness identification
methods (LS from external providers, farm staff or on-farm technology). Farmers that entered more than

one primary lameness lesion were recategorised as reporting multiple lesions.

Missing predictor data was handled using different methods, depending on the analysis. At the univariable
level, all missing values were removed from the respective models. At the multivariable level, missing data
was handled via two methods, depending on the proportion of data missing for each variable. If a variable
had greater than 10% missing, it was not included in the multivariable model, regardless of its significance
at the univariable level. If a variable had less than 10% missing, it was included in the initial multivariate
model, and multiple imputation chained equations (MICE; n=10 chains) were used to simulate and replace

missing predictor values, all of which were coded as factors.

The final data set consisted of a total of 34 farm-level risk factors (described in Tables 2-4). These
variables were individually assessed at a univariable level initially using mixed logistic regression
techniques. There were two areas of lack of independence with cows having two repeated scores, and cows
nested with farm. This was accounted for by including score nested within farm as a random intercept in
all models. The odds ratio (OR), with 95% confidence interval and p value based on the log-likelihood

ratio test, was then reported individually for each risk factor. These ORs can be interpreted as the odds of a
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cow being lame in the average farm with the presence of the risk factor, without accounting for any
potential confounders. Any variable with a log-likelihood ratio test (between a model with the variable
included and an intercept only model) with a p < 0.20 was then included into an initial multivariable mixed
logistic regression model. These variables were first assessed for collinearity, with variables with variance
inflation factors > 4 from a multivariable generalised linear regression model deemed to have high

collinearity with other predictors, and not included further in the analysis.

For the subsequent multivariable analyses, Bayesian generalised linear regression models were used, using
default non-informative priors. These were implemented within the brms package in R (Blrkner 2017),
using no-u-turn Markov chain Monte Carlo sampling methods. For each of the 10 MICE chains, five
chains of 4000 iterations each, with 500 warm-up iterations, were run (a total of 50 chains). Starting with a
full model, variable selection was carried out using leave-one-out cross-validation with Pareto smoothed
importance sampling algorithms, the model with the combination of fixed effects with the smallest
expected log predictive density defined as the best fit for the data (Vehtari et al. 2017). No interactions
were investigated. After fitting the model, posterior predictions of the odds ratio were made for each
remaining variable. Uncertainty around the odds ratios of these variables is reported as 89% equal-tailed
uncertainty intervals. Trace plots of each chain and the rhat statistic (>1.05 was defined as poor

convergence) were used to assess convergence of posterior samples.

RESULTS

Farm descriptive statistics

A total of 119 of the 120 enrolled farms responded to the farm survey, 14 farms from the West Coast, and
15 from the other seven regions. Farm characteristics, split by island, are presented in Table 2. From the
119 farms, a total of 2,113/59,631 (3.5%) cows had a LS > 2 at the first LS event. During the second LS

event, a total of 1,861/55,929 (3.3%) cows had a LS > 2. At the farm level, across both scoring events,
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median lameness prevalence was 2.8%, with a range of 0.0 to 17.0%, (more detail available in Mason et al.

(submitted)).

Table 2. Farm characteristics of those enrolled into the study, split by North and South Island of New Zealand

Characteristic Overall, N=119 North, N=60 South,N=59 p-value!

Herd size, n (%) <0.001
110-359 40 (34) 30 (50) 10 (17)
360-560 39 (33) 19 (32) 20 (34)
561-1,850 39 (33) 11 (18) 28 (48)
Missing 1 0 1

Milk solids (kg/cowlyear), n (%) 0.023
240-399 39 (34) 26 (44) 13 (23)
400-460 39 (34) 20 (34) 19 (34)
461-600 37 (32) 13 (22) 24 (43)
Missing 4 1 3

Number of full-time staff, n (%) 0.006
<25 66 (56) 41 (68) 25 (43)
225 52 (44) 19 (32) 33 (57)
Missing 1 0 1

Milking frequency, n (%) 0.17
Less than twice-a-day 33 (28) 20 (33) 13 (22)
Twice-a-day all year 86 (72) 40 (67) 46 (78)

Yard size (m?), n (%) <0.001
<300 21 (36) 16 (53) 5(17)
300-600 18 (31) 11 (37) 7 (24)
>600 20 (34) 3(10) 17 (59)
Missing 60 30 30

Predominant breed, n (%) 0.016
Holstein-Friesian 47 (39) 27 (45) 20 (34)
Jersey 18 (15) 13 (22) 5(8.5)
Holstein/Jersey cross 54 (45) 20 (33) 34 (58)

Milking parlour, n (%) 0.008
Herringbone 59 (50) 37 (62) 22 (37)
Rotary 60 (50) 23 (38) 37 (63)

Calving system, n (%) <0.001
100% spring calving 108 (91) 49 (82) 59 (100)
Split calving 11 (9.2) 11 (18) 0 (0)

Yard shape, n (%) 0.052
Circular 81 (70) 46 (78) 35 (61)
Rectangular 35 (30) 13 (22) 22 (39)
Missing 3 1 2

Farmer-reported % lame, n (%) 0.12
<7% 40 (40) 21 (38) 19 (42)
7-15% 35 (35) 16 (29) 19 (42)
>15% 25 (25) 18 (33) 7 (16)
Missing 19 5 14

Peak lameness, n (%) <0.001
No peak 4 (3.4) 3(5.1) 1(1.8)
January-March 15 (13) 0(0) 15 (26)
April-June 11 (9.5) 2(3.4) 9 (16)
July-September 32 (28) 22 (37) 10 (18)
October-December 54 (47) 32 (54) 22 (39)
Missing 3 1 2

1Pearson's Chi-squared test
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Lameness identification and treatment methods

Descriptive statistics of the methods reported by farmers for lameness identification, treatment and
recovery management are presented in Table 3, grouped by island. Due to errors entering survey data, data
were missing from farmers from Northland and West Coast for two questions on treatment methods. The
majority of farmers relied on informal identification by farm staff to identify lame animals (77%), although
this was more pronounced in the North Island (87%) than the South Island (67%). Of those that reported
formal lameness identification methods, 16 (14%) of farmers carried out lameness scoring of the herd, 13
(11%) used on-farm technology to assist with lameness identification, and two (2%) utilised external
providers to conduct lameness scoring. White line disease was reported as the predominant lameness-
inducing lesion (43% of farmers), this was consistent across the two islands. The majority of farmers
reportedly undertook all the lame cow treatments themselves with no assistance from external providers
(65%), with the other 35% of farmers using professional hoof trimmers or veterinarians for at least some of
the lame cow treatment. Most had no formal training (62%). Lame cow crushes were present and used on
approximately half of the farms. Fifty percent of responding farmers reported using blocks for at least 22%
of lame animals, and NSAIDs for at least 30%. Once-a-day milking of the identified lame animals was
common (73% of all farmers always milked lame animals once-a-day), with the practice more common in
the South Island compared to the North Island (80% vs 63%). Lame animals were always managed in a
separate herd near the milking parlour on 83% of farms. Most farmers considered lameness when making
culling decisions (65%), however, this decreased to 42% when they were asked if they prioritised culling

decisions based on lameness.
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Table 3. Descriptive statistics of lameness treatment and recovery management as reported by 119 farmers enrolled into a
lameness prevalence and risk factors study, from the North (n=60) and South (n=59) Islands of New Zealand, with Chi-squared

Characteristic Overall, N =119 North, N = 60 South, N =59 p-value®
Identify lame cows, n (%) 0.010
Dedicated LS or technology 27 (23) 8 (13) 19 (33)
Informal, non-dedicated task 90 (77) 52 (87) 38 (67)
Missing 2 0 2
Primary lameness, n (%) 0.047
Footrot 18 (15) 13 (22) 5(8.6)
Multiple lesions 18 (15) 4(6.7) 14 (24)
Other 6 (5.1) 3(5.0) 3(5.2)
Sole lesions 25 (21) 14 (23) 11 (19)
White line 51 (43) 26 (43) 25 (43)
Missing 1 0 1
Lift hoof, n (%) 0.70
Always 75 (91) 40 (93) 35 (90)
Never or sometimes 7 (8.5) 3(7.0) 4 (10)
Missing 37 17t 20?
% treated with a block, n (%) 0.68
<22 49 (50) 26 (48) 23 (52)
>22 49 (50) 28 (52) 21 (48)
Missing 21 6 152
Where lame cows are treated, n (%) 0.001
Lame cow crush 59 (52) 20 (36) 39 (67)
Other 54 (48) 35 (64) 19 (33)
Missing 6 5 1
External trimmer, n (%) 0.11
No 75 (65) 34 (58) 41 (72)
Yes 41 (35) 25 (42) 16 (28)
Missing 3 1 2
Formal trimming training, n (%) 0.56
No 69 (62) 36 (64) 33 (59)
Yes 43 (38) 20 (36) 23 (41)
Missing 7 4 3
% treated with NSAID, n (%) >0.99
<30 55 (53) 27 (53) 28 (53)
>30 49 (47) 24 (47) 25 (47)
Missing 15 9 6
Lame milked once-a-day, n (%) 0.051
No 12 (12) 9 (21) 3(5.4)
Sometimes 15 (15) 7 (16) 8 (14)
Yes 72 (73) 27 (63) 45 (80)
Missing 20 17 3
Cull based on lameness, n (%) 0.050
Maybe 13 (12) 5(8.9) 8 (15)
No 25 (23) 18 (32) 7 (13)
Yes 72 (65) 33(59) 39 (72)
Missing 9 4 5
Prioritise culling based on lameness, n (%) 0.062
Maybe 34 (30) 12 (21) 22 (39)
No 31 (27) 20 (36) 11 (19)
Yes 48 (42) 24 (43) 24 (42)
Missing 6 4 2
Manage lame, n (%) 0.031
Always in separate herd near shed 85 (83) 33(73) 52 (90)
Other 18 (17) 12 (27) 6 (10)
Missing 16 15t 1

*Farmers from Northland did not answer this question
2 Farmers from West Coast did not answer this question
SPearson's Chi-squared test

test of proportions comparing responses from farms from the two islands.
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Farm descriptors of lameness management factors

A small percent of farmers used dogs to move cows (16%), although this practice was almost entirely
associated with North Island farmers (Table 4). One third of farmers (32%) used the practice of a concrete
stand-off pad, including 48% of North Island farmers and 16% of South Island farmers. There was a
difference between the islands in the use of top-gates to move cattle in the collecting yard, with use on
67% of South Island farms compared to 23% on North Island farms. The majority of farms (71%) had a
backing gate with an alarm or hose that turned on when the gate moved. Permanent footbaths were an
uncommon finding (8% of farms). Undertaking track maintenance on more than 20% of the farm tracks
over the preceding 12 months was reported on 35% of all sampled farms, but was more common on South

Island farms than North Island farms (53% vs 17%, respectively).
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Table 4. Descriptive data of lameness management strategies for lameness from enrolled farmers, split into the North and South
Islands of New Zealand, with Chi-squared test of proportions comparing responses from farms from the two islands.

Characteristic Overall, N =119 North, N = 60 South, N =59 p-valuet
Top gate, n (%) <0.001
N 63 (55) 44 (77) 19 (33)
Y 52 (45) 13 (23) 39 (67)
Unknown 4 3 1
Electrified backing/top gate, n (%) 0.12
N 89 (77) 48 (83) 41 (71)
Y 27 (23) 10 (17) 17 (29)
Unknown 3 2 1
Backing gate alarm/hose, n (%) <0.001
N 34 (29) 26 (45) 8 (14)
Y 82 (71) 32 (55) 50 (86)
Unknown 3 2 1
Use dogs to move cows, n (%) 0.010
N 98 (84) 44 (76) 54 (93)
Y 18 (16) 14 (24) 4(6.9)
Unknown 3 2 1
Concrete stand-off pad, n (%) <0.001
N 79 (68) 30 (52) 49 (84)
Y 37 (32) 28 (48) 9 (16)
Unknown 3 2 1
In-shed feeding, n (%) <0.001
N 41 (40) 34 (59) 7 (16)
Y 62 (60) 24 (41) 38 (84)
Unknown 16 2 14
Permanent footbath, n (%) 0.49
N 106 (92) 54 (95) 52 (90)
Y 9(7.8) 3(5.3) 6 (10)
Unknown 4 3 1
Farm policy for managing lameness, n (%) <0.001
N 25 (22) 21 (36) 4(7.1)
Y 89 (78) 37 (64) 52 (93)
Unknown 5 2 3
Maximum one-way distance, n (%) 0.26
<= 1.5km 68 (60) 32 (55) 36 (65)
> 1.5km 45 (40) 26 (45) 19 (35)
Unknown 6 2 4
Track maintenance over past 12 months (%), n (%) <0.001
<= 20% 75 (65) 48 (83) 27 (47)
> 20% 40 (35) 10 (17) 30 (53)
Unknown 4 2 2
Average distance walked per day, n (%) 0.77
<=2km 55 (50) 28 (49) 27 (52)
> 2km 54 (50) 29 (51) 25 (48)
Unknown 10 3 7

Pearson's Chi-squared test
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Farm risk factors for lameness

Univariable associations between the 34 reported predictor variables identified 11 variables that could be
included in the initial multivariable models (Table 5). However, region and island were both highly
collinear (variance inflation factors > 10) with other predictors and thus were not included in any
multivariable models. The nine remaining variables were farmer-reported lameness incidence risk, calving
system, farmer-reported peak lameness incidence period, primary lameness lesion, use of an external
trimmer, use of a top-gate to move cattle in the collecting yard, electrified backing gate, backing gate
alarm/hose, use of a concrete stand-off pad and track maintenance. All of these nine variables had < 10%

missing data, and were thus included in the initial multivariable model, using MICE.

Two farm-level predictors were selected for the final multivariable generalised linear mixed model on the
association with the odds of lameness (Table 6). After accounting for herd and repeated LS between cow,
animals from farms that used concrete stand-off pads during inclement weather were associated with 49%
times greater odds of lameness compared to animals on farms that did not use concrete stand-off pads, with
an 89% probability that the true odds were between 19-88% greater. One hundred percent of the posterior
samples identified an increased odds of lameness in animals on farms with concrete stand-off pads
compared to without concrete stand-off pads. Animals from farms that reported peak lameness incidence
from January-June or all-year-round, had 24% times lower odds of lameness than cows from farms that
reported peak lameness incidence from July-December, with an 89% probability that the true odds were
between 16 and 49% lower. There was a 100% probability that the OR comparing peak lameness from

January-June was < 1 compared to July-December. No issues with model convergence were identified.
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Table 5. Univariable association for 34 predictor variables on their odds of lameness in dairy cows. Each model was a mixed
logistic regression model containing score timing nested within farm as random intercepts. For each risk factor category, the
number of cows and number of lame events are reported, along with odds ratio and confidence interval compared to the
reference category. P < 0.20 are in bold, indicating variables that were considered for multivariable analysis.

Characteristic N Event N OR (95% CI)* p-value
Region <0.001
Canterbury 20,762 322 —
Manawatu 14,072 570 2.42 (1.63 to 3.59)
Northland 14,055 693 3.13(2.12t0 4.62)
Otago 18,978 564 1.83 (1.24 to0 2.70)
Southland 13,427 633 2.66 (1.80 to 3.93)
Taranaki 10,002 203 1.27 (0.84 to 1.90)
Waikato 10,018 677 4.27 (2.90 to 6.30)
West Coast 14,228 312 1.43 (0.95t0 2.13)
Island <0.001
North 48,147 2,143 —
South 67,395 1,831 0.63 (0.49 to 0.81)
Herd size 0.96
110-359 21,099 785 —
360-560 34,498 1,221 0.96 (0.69 to 1.32)
561-1,850 58,630 1,944 0.98 (0.71 to 1.35)
Milk solids (kg/cowl/year) 0.70
240-399 34,810 1,249 —
400-460 38,601 1,253 0.88 (0.64 to 1.21)
461-600 38,856 1,372 0.97 (0.70 to 1.34)
Full time equivalent 0.22
<2.5 45,258 1,782 —_
225 68,969 2,168 0.85 (0.66 to 1.10)
Milking frequency 0.70
Less than twice-a-day 28,323 952 —
Twice-a-day all year 87,219 3,022 0.94 (0.71 to 1.26)
Yard size 0.21
<300 14,981 589 —
300-600 19,953 595 0.75 (0.51 to 1.09)
>600 23,426 668 0.74 (0.51 to 1.08)
Breed 0.21
HF 46,071 1,736 —
Jersey 12,040 405 0.91 (0.61 to 1.34)
Kiwi Cross 57,431 1,833 0.78 (0.59 to 1.03)
Milking parlour 0.28
Herringbone 41,762 1,584 —
Rotary 73,780 2,390 0.87 (0.67 to 1.12)
Calving 0.036
100% spring calving 103,192 3,379 —
Split calving 12,350 595 1.59 (1.03 to 2.45)
Yard shape 0.81
Circular 73,754 2,513 —
Rectangular 39,366 1,406 0.97 (0.72 to 1.29)
Farmer-reported lameness incidence 0.023
<7% 34,021 962 —
7-15% 33,532 1,084 1.04 (0.75 to 1.45)
>15% 28,595 1,285 1.60 (1.12 to 2.28)
Farmer-reported peak lameness 0.008
All 3,171 110 —
January-March 12,400 303 0.65 (0.29to 1.44)
April-June 18,886 401 0.58 (0.27 to 1.25)
July-September 31,422 1,178 0.99 (0.48 to 2.05)
October-December 47,176 1,875 1.11 (0.55 to 2.26)
Id lame cows 0.50
Dedicated LS or technology 32,355 952 —
Informal farmer only 81,814 2,973 1.11 (0.82 to 1.52)
Primary lameness 0.17
Footrot 16,550 475 —
Multiple lesions 20,251 532 1.01 (0.63 to 1.60)
Other 4,480 248 1.95 (1.01 to 3.76)
Sole lesions 18,884 677 1.25(0.81t0 1.92)
White line 54,627 2,015 1.35(0.92to 1.98)
Lift hoof 0.92
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Characteristic N Event N OR (95% CI)* p-value
Always 73,067 2,565 —
Never or sometimes 5,367 217 1.03 (0.57 to 1.86)

% treated with a block 0.88
<22 45,703 1,565 —
>22 49,110 1,804 0.98 (0.73t0 1.31)

Where lame cows are treated 0.54
Lame cow crush 66,858 2,314 —
Other 44,139 1,434 0.92 (0.70 to 1.20)

External trimmer 0.15
N 72,148 2,235 —
Y 40,405 1,600 1.22 (0.93 t0 1.61)

Formal training 0.31
N 66,718 2,125 —
Y 43,744 1,615 1.16 (0.88 t0 1.53)

% treated with NSAID 0.81
<30 53,912 1,776 —
>30 49,279 1,684 1.04 (0.78 t0 1.37)

Lame milked once-a-day 0.56
N 9,840 245 —
Sometimes 12,284 523 1.35 (0.77 to 2.36)
Y 76,832 2,380 1.23 (0.79 to0 1.93)

Cull based on lameness 0.41
Maybe 11,742 366 —
N 18,119 497 0.85 (0.53t0 1.38)
Y 77,450 2,726 1.07 (0.70 to 1.63)

Prioritise culling based on lameness 0.28
Maybe 33,350 1,022 —
N 26,338 759 0.89 (0.63 to 1.26)
Y 50,724 1,984 1.15 (0.84 to 1.58)

Manage lame 0.69
Always in separate herd near shed 88,445 2,817 —
Other 12,830 399 0.93 (0.64 to 1.35)

Top gate 0.011
N 47,890 2,032 —
Y 64,606 1,813 0.71 (0.55 to 0.93)

Electrified backing gate 0.15
N 81,234 2,991 —
Y 32,051 873 0.80 (0.58 to 1.09)

Backing date alarm/hose 0.031
N 26,080 1,080 —
Y 87,205 2,784 0.73 (0.55t0 0.97)

Use of dogs to move cows 0.30
N 98,425 3,287 —
Y 14,860 577 1.21 (0.84to 1.75)

Concrete stand-off pad 0.003
N 81,568 2,504 —
Y 31,717 1,360 1.51 (1.15 to 1.99)

In-shed feeding 0.42
N 33,945 1,350 —
\ 66,148 2,242 0.89 (0.66 to 1.19)

Permanent footbath 0.79
N 100,715 3,342 —
Y 10,592 385 1.07 (0.66 to 1.74)

Farm policy for managing lameness 0.32
N 17,647 676 —
Y 94,229 3,170 0.85 (0.61t0 1.17)

Maximum one-way distance 0.34
<= 1.5km 59,664 1,861 —
> 1.5km 50,134 1,915 1.14 (0.87 to 1.51)

Track maintenance over past 12 months (%) 0.19
<= 20% 66,927 2,407 —
> 20% 44,645 1,389 0.83 (0.63 to 1.09)

Average distance walked per day 0.50
<=2km 47,842 1,500 —
> 2km 56,681 2,024 1.10 (0.84 to 1.43)

10R = Odds Ratio, CI = Confidence Interval
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Table 6. Final Bayesian multivariable logistic mixed regression model output with odds ratio and 89% equal-tailed uncertainty
intervals. Data from cows across 119 farms, using multiple imputed chained equation (n=10) for missing data.

Characteristic Estimate Std. error OR (89% UI)*
Peak lameness incidence

July-December Reference —

January-June? -0.43 0.14 0.76 (0.51 to 0.84)
Concrete stand-off pad

No Reference —

Yes 0.40 0.16 1.49 (1.19t0 1.88)°

1 0Odds ratio and 89% equal-tailed uncertainty interval
2 January-June also includes four farms that stated all months of the year had equal incidence of lameness
3 The odds of lameness in cows on farms that used a concrete stand-off pad was 1.49 (uncertainty interval 1.19 — 1.88) times that

compared to cows on farms that did not use a concrete stand-off pad.

DISCUSSION

This cross-sectional survey of 119 dairy farms across eight regions of New Zealand revealed associations
between lameness prevalence and using a concrete stand-off pad and of timing of peak lameness. A range
of lameness treatment procedures and lameness management practices were reported, with potential areas

for improvements identified, such as considering lameness identification as a dedicated job on farm.

Lameness identification and treatment methods

Lameness identification was not treated as a formal dedicated task on most farms. This is in agreement
with the situation in Ireland, where only one of 99 Irish dairy farms carried out lameness scoring and used
technology to identify lame animals, respectively (Browne et al. 2022b). Early identification of lameness is
a critical component of lameness management (Groenevelt et al. 2014; Pedersen and Wilson 2021). As the
low detection of lameness by farmers is as apparent in New Zealand (Alawneh et al. 2012; Fabian et al.
2014) as it is worldwide (summarized by Sadiq et al. (2019)), improving lameness detection is one major

area that could see improvement across New Zealand dairy farms. (Leach et al. 2010)
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The use of formal lameness identification, whether via on-farm technology or via lameness scoring, is
greater in the South Island, possibly due to larger herd sizes (Gargiulo et al. 2018) and greater frequency of
rotary milking parlours (Dela Rue et al. 2020) on these farms. Automated lameness detection methods,
such as cameras with machine-learning technology, have the potential to offer a range of lameness
identification benefits, from real-time lameness prevalence and incidence monitoring, through early
identification of lame cows along with automated identification and drafting and, even, assessing the
decision making for the recovery of lame animals. All of these are difficult to achieve using manual
lameness scoring, However, before widespread adoptions and recommendations of these systems occurs,
optimising sensitivity and specificity, and addressing farmer barriers and needs must be addressed

(Alsaaod et al. 2019; O'Leary et al. 2020).

All lame cows were managed in a separate herd near the milking parlour on 83% of farms, and 87% of
farms milked lame cows once-a-day at least some of the time. Provided the nutritional needs of the
convalescing lame cows can be met (Lim et al. 2015), the recovery of treated lame cows on pasture
provides an ideal surface to encourage recovery (Mason et al. 2023). The practice of cattle recovering on
pasture close to the milking parlour and milking them once-a-day was speculated in part to be responsible
for the rapid time to recovery noted in 241 cattle lame with claw-horn lameness (median time of 19 days
for animals to become sound and just seven days to become non-lame) (Mason et al. 2023). Although the
recovery of lame cows once identified and treated remains an under-researched area of lameness
management, the authors believe this should be considered an integral part of all on-farm lameness

management plans globally.

Very few South Island farms used dogs to move cattle (7%), in contrast to almost a quarter of North Island
farmers (24%). The use of biting dogs has been strongly associated with the risk of high lameness
prevalence on New Zealand dairy farms (Chesterton et al. 1989). However, in that same study, whether
dogs were used at all was not associated with lameness in the final path analysis, and the current study did

not reveal a negative association between the use of dogs and the odds of lameness. A well-behaved dog is
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likely to be better than a human with poor patience when moving cattle (Chesterton et al. 1989), and thus
the authors suggest that a blanket recommendation to avoid dogs on dairy farms to minimise lameness is
not appropriate. Instead, concentrating on educating farm staff and owners on the importance of cattle

handling should be the priority, regardless of the methods used to achieve this.

Risk Factors

The use of a concrete stand-off pad was identified as an important risk factor for lameness. As this practice
was reported by one-third of farmers, there is substantial room for improvement in this space. The negative
impact that concrete has on hoof-health is well documented in housed dairy systems (Adams et al. 2017;
McLellan et al. 2022). Factors associated with concrete surfaces have also been reported previously in
pasture-based systems, with the smoothness of the concrete surface associated with the risk of lameness
(Ranjbar et al. 2016). Although information was not collected on when farmers were using stand-off pads
in this current study, anecdotally, this practice is most common around the time of parturition, a period
where the hoof is most vulnerable to damage (Tarlton et al. 2002; Knott et al. 2007). The issue with the
concrete feedpad is likely not just due to the concrete surface per se, but also the lack of choice the cow
has for standing surface. Cattle prefer to stand and ambulate on comfortable softer surfaces when given the
choice (Telezhenko and Bergsten 2005; Boyle et al. 2007; McLellan et al. 2022), and this choice of
surfaces has resulted in less time standing on concrete, with an associated reduction in the risk of lameness
(Boyle et al. 2007; McLellan et al. 2022). The practice of using a stand-off pad removes this choice for the
cow, thus the surface likely becomes more critical. Collecting data on the timing, frequency, surface and
space available would be of interest in future studies, as would data on feedpad use. It is possible that
farms with a feedpad are more inclined to use concrete stand-off pads, thus this association may be
confounded by the total daily time on concrete. However, this study provides enough evidence that the
practice of standing cows off on concrete surfaces during times of inclement weather greatly increases the

risk of lameness and should be discouraged, and other methods (e.g., dedicated sand area) need to be
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investigated on these farms if the practice is to continue. Furthermore, it is likely that any practice that
results in prolonged exposure to concrete in pasture-grazing cattle is harmful. On Irish dairy farms,
retaining cattle on the concrete collecting yard until all cows were milked, rather than being able to freely

walk back to pasture, was associated with a 2.26 times odds of lameness (O’Connor et al. 2020).

Peak lameness incidence, as defined by farmers, was associated with the odds of lameness. Farms where
lameness peaked between January to June, or which had no defined peak, were associated with a reduction
in the odds of lameness compared to farms that had peak lameness between July to December. As 108 of
the 119 (91%) of farms were 100% spring-calving, this can be extrapolated out to farms that reported peak
lameness in the second half of lactation were associated with a reduced odds of lameness. A criticism of
this association is that it is relying on farmer recall. However, all farmers should have similar recall bias
pressure and if anything, this bias should have shifted the result towards no association. As the posterior
probabilities reported suggest a large effect (an 89% probability that the true odds of lameness were
between 16 and 49% lower on farms that reported a peak lameness prevalence in the second half of
lactation), we believe this to be a true association. Whilst we do not know why this is the case, one theory
is that farms that are reporting a later lameness peak may have a lower overall annual incidence of
lameness. If more animals are lame later in lactation compared to earlier in lactation, then this may indicate
a delayed time to first-lameness. As lameness risk increases with age (Newsome et al. 2016; Mason 2017)
and with previous cases of lameness (Randall et al. 2018), this delayed time to first lameness may have
prolonged and profound effects on the lameness prevalence. However, the evidence isn’t clear on this
point, with both reduced risk of lameness (Oehm et al. 2019), and increased risk of lameness (Thomas et
al. 2023) reported in animals that are lame later in lactation compared to earlier in lactation. Thus, more

research is needed into this area.

Whilst it must be stressed that unconditional associations may be biased, some unadjusted associations
identified in this current study warrant further discussion. The presence of an alarm or hose that turned on

when the backing gate moved was associated with a 27% reduction in the odds of lameness. This
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unconditional finding was also reported by Chesterton et al. (1989). From a Bayesian perspective,
reporting a similar finding across more than one study increases the probability that the effect is real. Thus,
these unconditional associations add evidence that placing alarms on backing gates to alert cows and farm
staff to the presence of the moving gate assists in reducing lameness risk. This is presumably due to

reduced pressure placed on cattle in the collecting yard (Ranjbar et al. 2016).

The use of a top-gate was also associated with a reduction in the odds of lameness. We do not know why
this is the case, but speculate that the use of a top-gate improves cow flow within the collecting yard
(Chesterton et al. 1989; Ranjbar et al. 2016). Milking order and cow behaviours can impact lameness risk
(Sauter-Louis et al. 2004). Those authors hypothesised that the use of the backing gate mostly affects those
cows at the rear of the collecting yard, and also identified that these cows positioned at the rear of the
collecting yard had greater risk of lameness compared to those positioned towards the front of the
collecting yard. A top-gate likely improves cow flow within the yard, ensuring that the animals placed
towards the back of the collecting yard are less likely to have backing gate pressure placed on them, thus

lowering the risk of lameness.

The lack of associations with some variables are also of interest. Conflicting associations between herd
size and risk of lameness have been reported in studies investigating housed or partly-housed cattle. An
increased risk of lameness with increasing herd size has been reported in some studies (Sjostrém et al.
2018; Oehm et al. 2019; Browne et al. 2022a). In contrast, other studies in housed cattle have reported that
increased herd size was associated with a reduced risk of lameness (Chapinal et al. 2013; Chapinal et al.
2014; Solano et al. 2015). Such evidence for associations between herd size and lameness in either
direction is lacking in pasture-based studies. In this current study, no association between herd size and
lameness was identified (p = 0.70), consistent with the findings of other pasture-based lameness risk factor
studies (Chesterton et al. 1989; O’Connor et al. 2020). These findings all suggest that herd size per se is
not a useful predictor of lameness risk across any dairy system, and placing emphasis on this factor is

unfounded.
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Limitations

Regional and island differences in lameness prevalence were reported at the univariable level. Region and
island were intrinsically linked to certain risk factors, and as a consequence, substantial collinearity and
convergence issues arose when region or island were placed into multivariate models. For example, only 2
of the 45 farms from the three most southern regions (Southland, Otago and Canterbury) used dogs,
compared to 16 out of 75 from the other regions. Therefore, region can be considered a case of an extreme
confounder in this dataset, and it was not possible to separate out the latent effect of region from the
reported risk factors. Furthermore, whilst region and island were strongly associated with the odds of
lameness, these variables are just proxies for certain latent farm variables, and further investigations should
be conducted to identify particular farm factors that may occur in those regions with greater or lower levels
of lameness. This is the challenge of interpreting region-specific data on lameness risk factors (Chesterton
etal., 1989). It is possible that the risk factors reported from Taranaki are not valid to a population of farms
outside of Taranaki. The other potential bias was that different trained observers were used for each region;

this is covered at length in Mason et al. (submitted).

A major limitation of this study design was that all farm-level variables were reported by the farmer; no
on-farm validation or recording of potential risk factors were conducted by study personnel. We attempted
to minimise this limitation by asking closed-ended questions, and splitting the data into two or three
categories for analysis. The implications of this likely reduced the power of the analysis for certain
variables (e.g., walking distance). We encountered issues with the data when open-ended answers were
requested and the question could be skipped; collecting yard size, for example, had a large proportion of
missing or improbable entries. The number of biologically relevant associations reported in this current
study was far fewer than that reported by Chesterton et al. (1989) (although different analytical methods

were used), and part of this may be due to these survey data limitations. One positive for this study design,
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however, is that it removes any potential bias that a technician may have if they are conducting both the

lameness scoring and farm data collection (Chesterton et al. 1989; Ranjbar et al. 2016).

Despite these limitations, due to the random farm enrolment, stratified by region, we believe that the
enrolled farms are representative of the greater New Zealand dairy farming population. Whilst we have
identified a few areas that could be improved upon, such as reducing concrete stand-off pads and
improving lameness identification, there is still a lot of unexplained variation for between and within farm

lameness prevalences that urgently need investigating.
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Systematic review of non-steroidal
anti-inflammatory drugs for the treatment
of claw horn lameness

The second goal of the thesis was to improve the treatment of lame cattle in New
Zealand. Omne way for this to occur is for animal health advisors to sing from
the same song sheet. There is currently a large range of treatment regimes and
varying treatment recommendations from veterinarians, and this has the effect
of confusing farmers and resulting in less-than-ideal treatment outcomes. This
chapter reports a systematic review on the use of non-steroidal anti-inflammatory
drugs (NSAIDs) on the outcomes of claw-horn lameness in dairy cattle, with the
goal for veterinarians to provide consistent, evidence-based messaging to farmers
with respect to NSAID use for lame cow treatment. The link to this publication

can be found at https://doi.org/10.3168/jds.2022-22127.
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ABSTRACT

The objectives of this systematic review were to in-
vestigate the association between nonsteroidal anti-in-
flammatory drug (NSAID) use during the treatment of
claw horn lameness in dairy cattle and locomotion score
(LS), nociceptive threshold, and lying times. A total of
229 studies were initially identified and had their title
and abstract screened. From this, we screened the full
text of 23 articles, identifying 6 articles for inclusion
in the systematic review. Of these 6, 5 reported LS, 2
reported nociceptor thresholds, and 1 reported lying
times. The quality of evidence was assessed using a Co-
chrane risk-of-bias tool and CONSORT items reported
for each included study. Due to heterogeneity between
the studies, data were reported following Cochrane’s
Synthesis without meta-analysis guidelines. Identified
heterogeneity between the studies included differences
in LS systems and statistical analyses, length of time
from enrollment to outcome reported, the NSAID
used, concomitant treatments administered, and sever-
ity and chronicity of lameness. Recommendations are
made with respect to consistency of LS reporting and
analysis, along with improvements that may be noted
with compulsory reporting guidelines. There were at
least some concerns over the risk of bias in 4 of the
studies, with risks of bias present in missing outcome
data between the study groups. Within the 5 studies
included with LS outcomes, there were 22 different
pairwise comparisons with either NSAID or NSAID +
block as the intervention, with measures of association
with presence or absence of lameness as the outcome
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available for 20 of these comparisons. Animals in the
NSAID intervention groups had a lower point estimate
lameness risk than animals in the comparison groups in
3 of 8 and 9 of 14 analyses for LS outcomes <10 and
>10 d post-treatment, respectively. However, there was
no difference identified between animals in the NSAID
intervention groups compared with the animals in the
control group in any of these pairwise comparisons with
lameness as the outcome. Twelve pairwise comparisons
were reported in the 2 studies with nociceptor thresh-
old as an outcome. Animals in the NSAID intervention
groups had a greater nociceptor threshold point esti-
mate compared with animals in the comparison groups
in 6 of 6 and 1 of 6 analyses for outcomes <10 and >10
d post-treatment, respectively. However, no differences
were identified between animals in the NSAID inter-
vention groups and those in the comparison groups.
All 4 pairwise comparisons reported in the study with
lying times as an outcome found no differences between
animals in the NSAID groups and those in the com-
parison groups. Despite the widespread use of NSAID
in the treatment of claw horn lameness, there is a lack
of studies of NSAID association with LS, nociceptive
thresholds, or lying times. The limited evidence is con-
sistent with no association with NSAID use and those
parameters, but comparability across studies was lim-
ited by heterogeneity.

Key words: locomotion score, systematic review, claw
horn lameness, nonsteroidal anti-inflammatory drug

INTRODUCTION

The pronounced and prolonged pain response to claw
horn (CH) lesions (consisting principally of white-line,
sole hemorrhage, sole ulcer, or a combination of these 3
symptoms) in dairy cattle (Laven et al., 2008; Coetzee
et al., 2017) requires science-based solutions to mitigate
that pain. Treatment with nonsteroidal anti-inflamma-
tory drugs (NSAID) potentially provides one route to
achieve this objective (Laven, 2020). These compounds

9021

59



5. NSAID systematic review

Mason et al.: LITERATURE REVIEW: NSAID USE FOR CLAW HORN LAMENESS

have an increasing importance in the maintenance of
the health and welfare of dairy cattle (Laven, 2020),
demonstrated by an increase in NSAID research in
cattle over the past decade. From 2010 to 2021, there
have been 209 articles published with the search terms
“NSAID” and “cattle” (Web of Science search engine,
accessed January 19, 2022; https://www.webofscience
.com/wos/woscc/basic-search). From 1985 to 2010,
there were just 107 articles published with the same
search terms. From this crude scientometric approach,
it can be concluded that approximately two-thirds of
all published NSAID research in the English language
in cattle has been carried out over the past 11 yr.

However, it is unclear how much of this recent NSAID
research in cattle has focused on the effect of NSAID
on CH lameness outcomes, as there are few recent re-
views. Review articles on the treatment of lameness
have previously been conducted (Hirst et al., 2002;
Potterton et al., 2012; Huxley et al., 2014), but these
were either not specific for NSAID use or did not follow
a systematic review process, and thus may be prone
to bias. Nevertheless, those reviews have identified a
problematic, historical lack of scientific articles on the
effect of NSAID on CH lameness. In a scoping review of
lameness treatment and prevention of foot lameness in
cattle from 2000 to 2012, only 3 papers were identified
on the topic of treatment of CH lameness, and none of
these related to NSAID use (Potterton et al., 2012).
Given the recent increase in NSAID publications, and
the comparative lack of NSAID reviews in lame cattle,
there is a need for a systematic review of the current
literature on the use of NSAIDs for treating lame dairy
cattle.

Another motivating factor for conducting this sys-
tematic review was that it appeared that there was
positive confirmation bias (where individuals search for
evidence to confirm their beliefs; Jones and Sugden,
2001) in the cattle lameness field relative to the use
of NSAID. This is particularly clear in the citation of
2 papers from the Dairy Herd Health Group based at
Nottingham University, United Kingdom. The first pa-
per, Thomas et al. (2015), reported a positive NSAID
response in regard to locomotion score (LS), whereas
the second paper (Thomas et al., 2016) reported no
such benefit. The former paper has been cited more
frequently than the latter (48 vs. 31 citations in Web of
Science, respectively), despite it being published only
11 mo earlier and, in the authors’ experience, is much
more commonly referred to in the on-farm setting (e.g.,
Healthy Hoof lameness advisory service, DairyNZ, New
Zealand). This discrepancy in citation count is despite
the principal difference between the 2 studies being
that, compared with cows in the original study, cows
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in Thomas et al. (2016) were treated slightly later and
when lameness was judged to be slightly more severe,
a situation that probably reflects on-farm reality more
than the situation in Thomas et al. (2015). The ques-
tion of whether confirmation bias exists, or if there are
outlier study results, is best addressed using a system-
atic review.

Lameness can induce a vast array of changes in cattle,
ranging from alterations in trace elements and inflam-
matory markers (Sun et al., 2015), systemic nociceptive
thresholds (Laven et al., 2008), and clinical behavioral
changes in gait and behavior (Mainau et al., 2022), to
production-limiting effects such as reduced longevity
(Huxley, 2013). Although these outcomes are impor-
tant, it was beyond the scope of this manuscript to
review all potential lameness-related changes. Instead,
the following 3 outcome measures were selected that
the authors believed to have the greatest clinical rel-
evance to lameness response to NSAID treatment: LS,
nociceptive threshold, and lying times. The most obvi-
ous of these outcome measures is LS, as the definition
of lameness involves some alteration in LS (Mainau et
al., 2022). If NSAID use had an effect on lameness,
the most clinically important effect would be on LS.
However, LS is a subjective measure, with low sensitiv-
ity for detecting early changes and hoof pain (Dyer et
al., 2007). To counter this, a more objective measure
was desired. Lame cattle often develop hyperalgesia, an
exaggerated sensitivity and perception of pain (Laven
et al., 2008). A method for indirectly quantitatively
assessing this has been developed for use in lame rumi-
nants (Chambers et al., 1994) by measuring nocicep-
tive threshold in response to a stimulus. Nonsteroidal
anti-inflammatory drugs have been widely used in hu-
mans and other species for their anti-nociceptive effect
(Burian and Geisslinger, 2005); therefore, it is logical
to test their efficacy in cattle too. Finally, lameness is
known to induce changes in the activity and state of
an animal, with respect to lying times (reviewed by
Mainau et al., 2022). Thus, lying time may be a use-
ful nongait-related behavioral measure for identifying
recovery from lameness.

The aim of this systematic review was to review
the literature on NSAID use and its association with
3 key targets of clinical lameness treatment (i.e., LS,
nociceptor thresholds, and lying times). Thus, in effect,
this systematic review will investigate if these outcome
variables can predict whether NSAID treatment has
been effective. The systematic review question that the
authors were investigating was “Does NSAID use at
the time of treatment and diagnosis of CH lameness
improve LS, nociceptor thresholds, and lying times in
dairy cattle?”
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METHODS

The systematic review was designed and conducted
according to PRISMA 2020 reporting guidelines for sys-
tematic reviews (Page et al., 2021), with veterinary ad-
aptations as recommended by Sargeant and O’Connor
(2020). As the PRISMA 2020 statement does not fully
cover synthesis of data in the absence of meta-analysis,
the reporting of the results was conducted according
to synthesis without meta-analysis (SWiM) reporting
guidelines (Campbell et al., 2020). The protocol was
not independently registered.

Search Terms and Databases

The systematic review question was translated into
population, intervention, control group, and outcomes
(Sargeant and O’Connor, 2020; Table 1). The search
terms used were as follows: (Cattle OR Cow*) AND
(Lame* OR mobility OR locomotion) AND (NSAID*
OR steroidal OR analgesi*). A search of the full Web
of Science database (which consists of CAB Abstracts,
Medline, Biological Abstracts and Web of Science Core
Collection), and the Scopus database (https://www
.scopus.com/) was carried out by WM on October 23,
2021, with the search timelines not restricted. Screening
of the reference list of review articles (Hirst et al., 2002;
Potterton et al., 2012; Huxley et al., 2014; Coetzee et
al., 2017) was carried out by WM after databases had
been searched and were included at the eligibility phase
in Figure 1 to ensure no key references were missed.

Article Selection

De-duplication was conducted in EndNote (Version
X9.2, Thomson Reuters) following the methodology
proposed by Bramer et al. (2016), and then manually
during the screening process.

After duplicate removal, the remaining citations were
exported from EndNote to the systematic review soft-
ware, Rayyan (Rayyan) and screened on titles and ab-
stract by WM and EC. Both reviewers were blinded to
the decision of the other reviewer until both had made
a decision (include, exclude, or maybe) on 100% of the
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articles. The screening criteria for titles and abstract
were as follows:

1. The title and abstract were written in English or

German.

The study involved adult dairy cattle.

3. The predominant lameness lesions were described
as CH (white-line, sole hemorrhage, sole ulcer, or
a combination of these 3 symptoms).

4. The study was an observational or experimental
original research paper.

5. Outcome measures included at least 1 of lame-
ness, locomotion, or mobility scores; algometer
or nociceptor threshold; or lying or standing
time.

6. The NSAID or response to analgesia was men-
tioned.

N

Any conflicts between the reviewers for screening deci-
sions were discussed together, with a collective final
decision reached. If any doubt existed for any of the
screening criteria based on title and abstract alone, or
if an agreed decision could not be reached, then the
article was not excluded at the screening stage. All
articles that had not been excluded underwent full text
recovery. For final inclusion, the studies needed to meet
all the following criteria:

1. Full text could be obtained.

The full text was in English or German.

3. The study was an observational or experimental
original research paper.

4. The population of interest contained dairy cattle
with CH lameness.

5. Outcome measures included at least 1 of lame-
ness, locomotion, or mobility scores; algometer
or nociceptor threshold; or lying or standing
time.

6. NSAID were used as a treatment intervention or
cohort group.

7. The control group consisted of dairy cattle with
CH lameness and did not receive NSAID. Con-
trol group could receive concomitant treatments.

o

Table 1. Population, intervention, control group, and outcome descriptions for the aim and scope of the systematic review

Criterion Description
Population Clinically lame dairy cattle suffering from claw horn lameness
Intervention Nonsteroidal anti-inflammatory drug (NSAID) use at the time of treatment and diagnosis of lame cow, could receive

concomitant treatments
Control group
Outcome

Did not receive NSAID, but could receive other concurrent treatments
Locomotion score, nociceptive threshold, and lying times

Journal of Dairy Science Vol. 105 No. 11, 2022
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Figure 1. PRISMA 2020 (Page et al., 2021) flow diagram for systematic review for nonsteroidal anti-inflammatory drug use and its associa-
tion with locomotion score, nociceptive threshold, and lying times in dairy cattle with claw horn lameness.

These articles were then reviewed by 3 reviewers (WM,
EC, and KM), with the exception of German full text
articles that were screened by KM only (a native Ger-
man speaker). Each reviewer was blinded to the other
reviewers’ selections until all articles had been scored.
Any conflicts between the 3 reviewers were discussed
together, with a final tie-breaker decision carried out
by WM where necessary.
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Data Extraction, Synthesis, and Reporting

It was decided a priori that the included articles
would not be amenable to meta-analysis, due to distinct
heterogeneity between studies with respect to study
outcomes. For example, LS reported on different scales
(0-3, 1-5, lame vs. not lame, sound vs. not-sound),
different time frames (from hours after NSAID treat-
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ment to 100 d post-NSAID treatment), varying study
population (chronic vs. acute), difference between types
and proportion of CH lameness, and varying interven-
tions (e.g., types of NSAID used and concomitant
treatments in both treatment and control groups). As
a result, synthesis of data from included articles were
reported following the methods proposed by Campbell
et al. (2020). The 9 SWiM reporting categories are
detailed in Table 2, with the approaches used in this
study reported.

Along with study primary author, year of publica-
tion, country, and whether or not the article was peer
reviewed, we extracted data on the intervention and
comparison group, the NSAID used, and outcomes
measured. Data were grouped into the outcome mea-
surement and length of time from NSAID administra-
tion to outcome measurement, and the raw data and
statistical outcomes extracted from the text. For ar-
ticles with LS as an outcome, an attempt was made to
synthesize the results as lame or nonlame. If sufficient
data were not present in the text to categorize LS,
then the corresponding authors were contacted and a
request was made for the raw data, or in one instance,
data were obtained from a PhD thesis (O’Callaghan,
2003). If the raw data were obtained, the primary
author transformed the LS into lame or not (based
on the LS system used), and the proportion lame at
each period was reported. Contrast analyses were car-
ried out on each combination of intervention versus
comparison group in each study. For example, Thomas
et al. (2015) contained 4 treatment groups (NSAID,
NSAID + block, block, and no treatment). The con-
trast analyses for this included NSAID versus block,
NSAID versus no treatment, NSAID + block versus
block, and NSAID + block versus no treatment. If the
contrast analyses could not be obtained directly from
the manuscript, then Monte-Carlo random simulation
was carried out using the normally disturbed charac-
teristics of regression coefficient and standard errors.
In the case of Laven et al. (2008), the raw data were re-
analyzed following the methodology proposed in Laven
et al. (2008). No adjustments for multiple comparisons
were used. Further detail on the data extraction for
each study is presented in Table 2.

In addition to the above SWiM guidelines, each
included article was assessed for risk of bias and for
reproducibility and adherence to protocol reporting
guidelines for clinical trials. Risk of bias was assessed
by WM for each outcome of the included articles ac-
cording to the methods proposed by Cochrane Risk of
Bias tool V2.0 (Sterne et al., 2019). Although these
were conducted for each outcome, as recommended by
Sterne et al. (2019), the risk of bias for studies that
reported more than 1 relevant outcome was the same
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across all of their outcomes. Thus, an overall risk of
bias for each study was presented, rather than for each
outcome. A Microsoft Excel macro tool was used to
collate the responses for each of the 5 potential bias
domains (recovered October 5, 2021, from https://www
.riskofbias.info/welcome/rob-2-0-tool /current-version
-of-rob-2).

We reviewed all of the included studies for the pres-
ence or absence of the 25 items in the CONSORT re-
porting guidelines checklist (Moher et al., 2010). These
were reported for each article, and an overall propor-
tion of articles that included the CONSORT items were
also reported.

RESULTS

The PRISMA 2020 flow diagram for the systematic
review is presented in Figure 1. A total of 299 articles
were identified by the search terms in the databases,
72 of which were identified as duplicates. Thus, 227
articles had their titles and abstracts screened, with
204 excluded at this stage as they did not meet the title
and abstract screening criteria. Full text screening was
carried out on the remaining 23 articles, with 6 articles
identified as meeting all inclusion criteria and included
in the systematic review. All 6 articles included in the
systematic review were in the English language.

Of the 6 studies, 5 were carried out in the United
Kingdom, and 1 was conducted in New Zealand. They
were all published after 2000. In all of the studies, the
control animals received, at a minimum, a therapeutic
trim of the lameness-causing CH lesion. Substantial
heterogeneity existed between the included studies,
and included duration of lameness (<2 wk duration
or >2 wk or unknown duration), NSAID investigated
(ketoprofen or tolfenamic acid), concomitant treat-
ments administered in animals in both the intervention
and control groups (the addition of a hoof block or no
further treatments), severity of lameness or lesion, and
time from treatment to when outcome was measured
(for LS, this ranged from several hours after NSAID
administration to 100 d after NSAID administration).
Further details of the studies are presented in Table 3.

Lameness Outcomes

A total of 5 of the 6 articles that met the inclusion
criteria reported LS outcomes, and these consisted of 22
different contrast analyses with either NSAID or NSAID
+ block as the intervention. Measures of association
with lame or not lame as the outcome were available for
20 of these analyses. None of these analyses identified
a difference between groups, with the 95% confidence
interval for odds ratio overlapping 1 in all analyses
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(Table 4). The length of time from treatment to LS
measurement varied between studies, with 3 reporting
LS outcomes <10 d post-treatment, and all 5 reporting
LS >10 d post-treatment. Of those LS outcomes >10
d post-treatment, animals in the intervention groups
had a lower point estimate lameness risk than animals
in the comparison groups in 9 of 14 analyses. For the
LS outcomes <10 d, only 3 of 8 analyses of contrasts
had a lower point estimate lameness risk in favor of
animals in the intervention groups compared with the
comparison groups.

Nociceptor Threshold and Lying Times

Two of the 6 articles that met the inclusion criteria
reported nociceptive threshold outcomes (Table 5). No
differences were identified in the 12 contrast analyses
(either NSAID or NSAID + block as the intervention)
from the 2 articles, with the 95% confidence intervals
overlapping 0 in all of them. For nociceptive thresh-
old <10 d post-treatment, animals in the intervention
groups had a greater nociceptor threshold point esti-
mate in 6 of 6 analyses compared with animals in the
comparison groups. For nociceptor thresholds collected
>10 post-treatment, only 1 of 6 analyses had a greater
nociceptor threshold for animals in the intervention
group compared with the comparison group.

Only 1 article that met the inclusion criteria re-
ported lying times. All 4 lying time contrast analyses in
Miguel-Pacheco et al. (2016) had a point estimate with
NSAID-treated animals lying for a longer time per day
than animals in the comparison groups, although all
of the 95% confidence intervals between intervention
groups and comparison groups included 0. The largest
increase in lying times was noted in animals treated
with NSAID + block compared with block.

Bias and Reporting Guidelines

The overall risk of bias varied between studies from
low risk to high risk (Figure 2). At least a moderate
risk of bias was identified in missing outcome data
in 4 of the 6 studies, with a high risk of bias present
in O’Callaghan-Lowe et al. (2004). Some risk of bias
was identified in Whay et al. (2005) in the randomiza-
tion process as this was the only study that enrolled
animals before diagnosing the lameness-causing lesion.
This resulted in differences in the proportion of lesions
between intervention groups. Two of the 6 studies had
bias concerns with measurement of the outcome, with
O’Callaghan-Lowe et al. (2004) only measuring the
total number of animals at each LS, not the individual
animal scores.
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There was a range in the CONSORT compliance
between each item in the checklist (Table 6). Perfect
compliance for all 6 studies was achieved in the back-
ground and objectives, eligibility criteria, and outcome
definitions. The most noncompliant CONSORT items
included sample size (2 of 6 reporting), the randomiza-
tion process (2 of 6 reporting), baseline data (2 of 6
reporting), and discussion of limitations (0 of 6 report-

ing).
DISCUSSION

This is the first systematic review investigating the
published literature on the use of NSAID for the treat-
ment of CH lameness in dairy cattle. From an initial
227 abstracts and titles screened from the search terms,
23 were progressed to full text screening. Only 6 of
these articles met the criteria for inclusion in the review,
highlighting the scarcity of evidence in this field. This
is despite the recent increase in papers published on
NSAID and cattle. This scarcity of evidence, combined
with the between-study heterogeneity, means that we
lack the data to properly evaluate the effect of NSAID
use on LS, nociceptive threshold or lying times, or the
factors that influence the response to NSAID use.

The validity and repeatability of research can be
assessed with multiple methods. The authors chose
the following 2 methods for this review: the Cochrane
risk-of-bias tool designed to assess bias in randomized
trials (Sterne et al., 2019) and the CONSORT report-
ing guidelines (Moher et al., 2010), presented as the
proportion of included articles that reported each spe-
cific CONSORT item. The quality of evidence varied
between the 6 studies, from low risk of bias to high risk
of bias. A major difference between the 2 studies that
had a low risk of bias (Thomas et al., 2015, 2016) com-
pared with the other 4 studies was the use of reporting
guidelines. This highlights the scientific benefits of fol-
lowing reporting guidelines to minimize risk of bias in a
study and, crucially, to assist with repeatability of the
research. The authors commend the Journal of Dairy
Science on leading the movement to require the use of
reporting guidelines.

One of the more challenging aspects of conducting
cattle lameness intervention trials is accounting for losses
to follow-up. There are many reasons why missing data
for the outcome may be related to the treatment, thus
creating bias. Two important reasons are that animals
may require re-treatment due to welfare reasons (lame-
ness becoming worse or no improvement over time), or
if using blocks, they fall off. These reasons clearly could
be related to the treatment group. The risk of bias for
the 5 LS studies for missing outcome data ranged from
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83 g SR e s %* 2 to conduct, the authors recommend that future studies
fr] . . .
AES| 5. & E using LS as an outcome use survival analysis methods.
3::% 2l 25 |= = g = This will also increase the power of the study and re-
= geo | ° = } .. .. . .

SEZ| 2% | ¥ g £ move the a priori effect of defining a time period that
LA~ %S ¥ o - . . . . .
528 |=s=2 |2 = ) 8 an animal must be sound by, which has little biological

£=0C =l e = = 2
23 g £ |3 o 8 a relevance to the cow or farmer.
g E N < = % One of the major challenges of comparing studies that
o =1 . . . 1. .
2 2g :csz Z report LS as the primary outcome is the variability in
284 o = |Z E the LS systems and scales that are used by different
2R o & = % 3 = Y Y
gg0 -z = 2 = = a0 research groups and countries. This was apparent in
S35 D s R | . . . . .
BE= g - ¢ = |= £ this review, with 4 different LS systems used in the
= = — o) — ™ 2] Qo y
sz £ e 2 8 = | I 5 studies that reported LS outcomes. This issue was
=AY g— 2z 3 3 ,;j/ 2 g exacerbated by all 5 studies using different statistical
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- = S S ~S ~S ~| oo . .
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58 z ClTEI5TRTS g“ g g The use of different LS systems has been a consistent
882 £|=SI32838|5% g = issue limiting sharing, comparing, and use of lameness
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= § g § chl data ever since the development of LS (Schlageter-Tello
wn S =1 . . . .
© 0 Z | = £ g T2 et al., 2014). Different systems use different criteria
) @ - . . . .
£ 23| % £ g g g for scoring, and simplistic correspondence tables can
- A 9 . .
ESE| EE|E El o = F obscure those differences. For example, in the Inter-
S Q3 33 |o S =t v o ple,
Sfg o087 2 e Tz national Committee for Animal Recording (ICAR)
B2 2 E & g
=T . . .
£57% g <3 guidelines (ICAR, 2020), they claim that a score of 3 on
§g§ 8 E g %D the 0-to-3 Agriculture and Horticulture Development
g 3 = e . .
g 2 ) g |a e = < 2 Board (AHDB) mobility score is equivalent to 5 on the
< = 5 el . . .
R 2z s Z g8 First-Step system when the criteria for an AHDB score
:; ng alls _ - § § ] 3 (unable to walk as fast as a brisk human pace and
= gg NP < ol lame leg easy to identify) also match the criteria for a
= = 3 > = . . . .
éf; E %f:\ 5 = £z First-Step score of 4 (gait is best described as 1 deliber-
.2 S ] = R . o1e . .
5) % = 8 Es S:3 2 B ate step at a time and ability to move freely is obviously
8z 4 52 diminished). Similar issues with BCS prompted Roche
TEE ‘ S =3 et al. (2004) to examine relationships across differing
23 g = = s =
£ o= s | £ g T BCS systems; however, as far as the authors are aware,
% é g g =% 2 fo g no such studies have been undertaken for LS. Although
SR Rs ‘j}g SEg 5 -0 the ICAR guidelines (ICAR, 2020) recommend the use
v &3 g % €322 of the 1-to-5 Sprecher score, it is unlikely that there will
Q= g B > . .
%% AR S g1 e ; be agreement to use only 1 LS in all countries and all
HEE|EE EE R el SR systems. For example, the First-Step system has been

Journal of Dairy Science Vol. 105 No. 11, 2022

68



c review

5. NSAID systemat

9031

LITERATURE REVIEW: NSAID USE FOR CLAW HORN LAMENESS

Mason et al.:

panuuo;)

SSOUOUIR] TLIOT]
MR[OUOT [[)TM
spewttue (O Jo

¢1 pourejuoy)  SUIIDUOD (¢6°0) aurres (7002)
N sytup) awog OAIYSO] A (zzeorgro—) o1 3’6 A (€L°0) 9°01 :8g P oLI0)g AIVSN N e g0 deyp
¥orq
30[q + dIVSN
(#0°1) 9% 'sa (GT°1) ¢F 001 P ppo[q 3P01q
(8z'1) © parmborx ® paambou
EINSEEEIN A (8T 039¢L—) 66T 6°0% 'sa (1F'T) 9°9¢ 8z P OIS 0TS
(L11)
797 'sa (€°1) 7P 1001 P
(61°2) PoIq
EINSEESIN A (10701 16'8—) G¥'a— 1% 'sa (G0°T) T'8¢ 8z P Sporg + dIVSN
(1)
7GR sa (1) 7GR 1001 P
(66'1)  JusunpEen) ¥porq
vy spun CINUELEING A (27 or01'8—) 66'1— 8 "sa (G0°T) 1°8€ 18E P ON + AIVSN
{powt (L11)
UoISs0180.1 TOF s (9€°T) L€ 00T P
Teour| pejsn(pe (612)
UWOT) STeITI BINGEREIN A (86'€030LL—) 98T~ Z 1P "sa (GL'T) G0V 8E P 3org AIVSN
reurSrew (F¥°1)
pojeuryso P sa (9€°T) L'EP 001 P
woIj [) PuR  SUIIDUOD (¢6'1) JUOUIYRAIY} (8002)
9)RTISY JUIO] ouog oATeSoN A (16'€ 01 ¢e'8—) G&G— 8y 'sa (GLT) G0F 8 P ON AIVSN BN Te 90 woArT P O1<
SSouoUIR] IO
MR[OUOU )M
sfewuE (F Jo (08201 0z°0—) 0T (270) 06 'sA (19°0) €01 '8 P
Tl pouiejuo)  SuI0dU0d (68° 0% 67°0—) 05T (26°0) 88 "sa (19°0) 0T € P aures (00g)
‘N sup) auog OAINISO] A (89T 01€9°T-) 000 (9°0) T°6 'sA (¥5°0) 16 :T P SRS AIVSN N e 90 Aeypy
¥orq
(67'1) ¥porq + AIVSN
9°2€ A (8T'T) 6°€€ 8 P aporq porq
(88°1) ® parmbaix ® pormbou
OAINISO A (8Lgo30re—) 61T €1 sa (8¢'T) TTE € P woIso'] uorso]
(6L°T) 8°8C 'sA (F1°T) T€ 8 P
(L2'T) porq
OATYISO] A (6279 0389°¢—) 0£0 €6z sA (26'T) 86T € P sporg + dIVSN
'Y sHun (62°2) 8'1€ 'sa (P1°2) 1€ :8 P
{Jopotx (zL'1) JUSUI)RAIY b plo e}
U01s80180.1 OAIYSO] A (Lgro36Le—) 68T VLG s (36°'1) 8°6T € P oN + AIVSN
Teour] pajsnlpe QK.HV
WOy SUeau Q'8¢ A (1€71) 6°1€ :8 P
[eurdreut PATISO A (89L0166C—) <€T (Lz'e) €6g sa (89°T) LE € P oorg AIvVSN
pojetIso (¢22)
WoL [) PUe  SUIOIUOD {°T¢ sa (T€T) 6'T€ '8 P JuowyROI} (800%) proysoayy
OJRUIIISO JUIO] awog OAINSO] (679 01 €6'7—) 9270 (6L'T) ¥'2C 'sa (89°1) LG € P oN AIVSN B [e 90 UeART p 01> 103destooN
SJUOTUIO)) serq  worjeosse () defoso NQO %G6) (HS) ueaw ‘eyep meyy dnoi3 dnoig  swoomQ QOUDIYJOY dUIRIf OWIL], a[qerrep
Jo ¥SIY  JO UOIpoalII(] )  UOIIRIDOSSE JO 9INSLIN uostredwo)) UOTJUDAIIIUT

(sour} SuIA] aamseour Jer) Apnjs T o) pue ploysoy 103dod1o0u poInseous Jey) popnoul soIpnjs g oy} WOy PjoeIiXo vjep jo Lrewumg *¢ o[qe],

Journal of Dairy Science Vol. 105 No. 11, 2022

69



5. NSAID systematic review

Mason et al.: LITERATURE REVIEW: NSAID USE FOR CLAW HORN LAMENESS 9032
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2|8 £%E SEZ National University of Ireland, Galway, Ireland, per-
2129 o © 2 5 . . .
R é o o ¢ B sonal communication) and in pasture-based herds such
3 | E 2 2 [STNGY . .
ER RS AN as those in New Zealand and Australia. In these types
O |Am2Acd 5T 4 . . o
- of herds, locomotion scoring takes place after milking
o " =z . .
= 2 =l (Fabian et al. 2014) with a system that depends on ob-
hn? o @ 3 = . . .
g % g g £ 8 E serving whether or not there is a back arch at standing,
el g £ 5 . L .
S| BB A0 g < g and walking is of limited value. Furthermore, observing
o0 n . . . . .
£ R £k *g for back arch during walking and standing is incom-
= = .2 S . . . .
s | €% |g ¢ g ¢ [8%% patible with large-scale, long-term studies, which are
= g e £ £ £ £ . . .
Z g3 T E O % 5% 8 required to conduct high quality, adequately powered
] = . . . .
A e é = & interventional studies. Thus, recommendations to stan-
= o 2 § = dardize LS in interventional studies, as have been made
= =% 3 . . . .
- il = for reporting reproductive indices (Lean et al., 2016),
> [ — .
T8 = = > o= Yo s are unlikely to be followed. However, almost all manual
2 z : :
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= o .
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=} < == O .
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) ["el () .
21 |2 8 € & § g g systems to establish a level of agreement.
- S [a}} D [=] ¢ . . . . . .
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7 = —_——— = =T~ D= . . . o1 eqe . .
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= 5 oo | E.E § .

5 =3 |8285E325|58 & and outcome definitions were ngl d'eflned. These fac-
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% - 5 ° = erinary meta-analysis (Muir et al., 2017). In contrast,
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- mle o = 2 = g . . . . FE .
g @ = = e < studies used in our review. Although this is a nonissue
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Risk of bias domains

D2

D3 D4 D5

| Overall |

Laven et al (2008)

Miguel-Pacheco et al (2016)

O'Callaghan-Lowe et al (2004)

Study

Thomas et al (2015)

Thomas et al (2016)

@l JJCJC )0 =

Whay et al (2005)

Domains:

D1: Bias arising from the randomization process.
D2: Bias due to deviations from intended intervention.
D3: Bias due to missing outcome data.

ol I ) JOJ0)
U IO
00000 ®
COe0OO

Judgement

® Hon

Some concerns

D4: Bias in measurement of the outcome.

D5: Bias in selection of the reported result.

. Low

Figure 2. Risk of bias plot for the 6 studies included for each of the 5 domains, as well as an overall measure of risk of bias (McGuinness

and Higgins, 2021).

(2015) does not exist. Although the lower bounds of the
95% confidence interval do overlap an odds ratio of 1
when analyzed as lame or not in this current systematic
review (LS >1 or LS <1 on a 0-3 scale), the study
effect size was large for NSAID + block compared with
no treatment (odds ratio: 0.31, 95% confidence interval:
0.09-1.11). One of the major differences in the study
design of Thomas et al. (2015) compared with the other
studies is that they enrolled animals that had been lame
for less than 14 d (based on fortnightly LS). However,
we cannot ignore the findings of the other studies when
considering the effect of NSAID. This is particularly
relevant; even though rapid identification and treat-
ment of lameness is strongly recommended (Pedersen
and Wilson, 2021), this is unlikely to be what hap-
pens in the majority of lameness management on-farm
(Leach et al., 2010; Alawneh et al., 2012; Fabian et al.,
2014).

The improvement in nociceptor threshold over time
in animals treated with ketoprofen reported by Whay
et al. (2005) has previously been questioned by Laven
et al. (2008), who surmised that the difference between
the studies was in the control group, rather than the
treatment group. This was confirmed by Whay et al.
(2005), who, in the same article, also reported no differ-
ence between nociceptor threshold between treatment
groups at each measurement day. This was also con-
cluded in the current review from pairwise comparisons
of the data presented by Whay et al. (2005). Com-
paring nociceptive threshold within treatment groups,
and then claiming a difference because the comparison
in one treatment group was significant but not in the
other is a flawed approach (Sainani, 2010). Laven et
al. (2008) did not identify any significant difference in
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the nociceptive threshold between animals treated with
NSAID and those not treated with NSAID. Thus, no
strong evidence currently exists that NSAID increase
nociceptor threshold over time in lame dairy cattle
compared with claw trimming alone.

Although there have been other studies investigating
the effects of NSAID on lying times in lame cattle (re-
viewed by Mainau et al., 2022), this current review only
identified 1 study that explicitly enrolled cattle with
CH lameness (Miguel-Pacheco et al., 2016). The ma-
jority of studies investigating lying times and activity
measurements in lame cattle compared with nonlame
control animals highlight an increase in lying times
and a reduction in activity in general (Mainau et al.,
2022). Thus, for NSAID to have an effect, it would be
expected that there should be a reduction in lying time
in lame animals treated with NSAID compared with
lame animals not treated with NSAID. However, this
has not been consistently found (Mainau et al., 2022).
The 1 study of lying times and NSAID use included
in the current systematic review (Miguel-Pacheco et
al., 2016) did not identify any significant differences in
lying times in animals that received NSAID compared
with those that did not receive NSAID, although the
point estimate for all pairwise comparisons was in favor
of an increase in lying times for animals in the NSAID
groups, rather than the expected reduction. Therefore,
there is no strong evidence currently that NSAID treat-
ment has any effect on lying times in animals with CH
lameness.

A critique of the search terms used for this review
could be that they were too narrow. An informal sen-
sitivity analysis was conducted to assess this, where
“OR Bovine” and “OR meloxicam OR ketoprofen OR
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flunixin” were added to the search term and produced
30 further records. All 30 of these articles would have
been excluded at the title and abstract screening phase.
Furthermore, no new articles were identified from the
review articles that had not already been identified
through database searching, giving confidence that
the search terms had a high sensitivity for identifying
relevant articles. It needs to be acknowledged that the
literature on NSAID use for cattle lameness is more ex-
tensive than what is presented here. The authors were
principally interested in studies that mimic “real-life”
on-farm situations, and on the common, more chronic
lameness conditions (i.e., CH lameness). As such, any
mention of acute infectious lameness (e.g., footrot or
digital dermatitis), or experimentally induced lameness,
were not addressed in this review. Although these stud-
ies may have identified benefits from using NSAID, this
review did not attempt to address all pain-mitigating
associations that NSAID have with distal limb pain.

The NSAID regimen was the same in 5 of the articles
(ketoprofen at 3 mg/kg BW daily for 3 d), with only 1
other regimen used (tolfenamic acid at 2 mg/kg once;
Laven et al., 2008). This potentially reduced the exter-
nal validity as we did not have knowledge on whether
other NSAID compounds, or various dosing regimens
of ketoprofen or tolfenamic acid, would have resulted
in a different outcome. The distinct lack of studies
involving meloxicam, the worldwide market-leading
NSAID product with respect to volume sales (Meta-
cam; CEESA — Executive animal health study center;
company data, Boehringer-Ingelheim, Auckland, New
Zealand) is of note and further highlights the lack of
research in this field. However, given the duration of
action of all known NSAID that are used in cattle, and
the timeframes of the outcomes reported, we believe
this unlikely to bias the inferences.

Some positive trends have been seen worldwide in the
use of NSAID in production animals, with an increase
in usage being reported (Laven, 2020). One possible un-
seen consequence of this trend is the confirmation bias
from more welfare-conscious animal health advisors and
farmers. Nevertheless, from the small number of studies
conducted in this area, there was no definitive evidence
from this systematic review that the use of NSAID im-
proved LS and nociceptive threshold over an extended
period of time post-treatment. This is particularly true
in the clinical setting, whereby the majority of cattle
have been lame for an extended period of time before
being diagnosed and treated.

Nonetheless, the authors strongly support the use
of NSAID in even the mildest clinical lame case, as
the anti-inflammatory effects are likely to have ben-
efits during the acute and chronic phases (Stock and
Coetzee, 2015). Furthermore, the act of trimming lame
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cows is a painful act (Chapinal et al., 2010) and should
warrant NSAID treatment. If the limited published
data do reflect the lack of effect of NSAID on the LS,
nociceptive threshold, and lying times of lame cows,
it is because these are insensitive measures of assess-
ing whether NSAID use is beneficial for the cow rather
than accurate assessments of NSAID efficacy.
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Randomised clinical intervention trial on
dairy heifers to reduce lameness incidence

Providing a NZ-specific management intervention that could reduce lameness in-
cidence was identified as a key objective of the project. The calving period has
been identified as one, if not the, most critical period for hoof health in dairy
cattle, and that management in housed systems can alter this risk factor via
exposure to hard surfaces at different physiological stages of a dairy animal’s
life. Furthermore, as a previous case of lameness has been identified as the single
greatest predictor of a future case of lameness, control efforts should be directed
towards dairy heifers, a population that are less likely to have had a previous
case of lameness. This chapter presents to the findings of a randomised clinical
intervention study investigating exposure to concrete and exercise prior to calving
in pasture-raised New Zealand dairy cattle. The link to this publication can be

found at https://doi.org/10.3168/jds.2021-21640.
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Randomized clinical trial investigating the effect of exercise and standing on
concrete prior to first calving on time to first lameness event in dairy heifers
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ABSTRACT

This controlled clinical trial investigated if an inter-
vention immediately before the first calving event could
reduce lameness incidence in pasture-based dairy heif-
ers. Seven hundred ninety heifers across 6 farms in the
Waikato region of New Zealand were randomly enrolled
into treatment or control groups at a ratio of 1:1. The
treatment consisted of heifers walking approximately
1 km from pasture along the farm race, standing on
concrete for one hour, and then walking back to their
paddock. This occurred once a day, 5 times a week, for
5 wk before calving. The control heifers were managed
solely at pasture before calving. Just before calving,
both groups were bought together and managed as one
group for the remainder of the study. Heifers were fol-
lowed for up to 28 wk, with fortnightly lameness scores
collected to identify animals with a lameness score of
>2 (lameness score 0-3). Lameness could also be diag-
nosed by the farmers, who had no formal lameness scor-
ing training. The primary outcome of interest was time
to first lame event. Secondary outcomes included milk
solid production, change in body condition score during
early lactation, time from onset of breeding season until
conception, feasibility of the regimen and change in sole
soft tissue thickness and profile. From a total of 782
heifers that had data collected on the outcomes, 102
(13.0%) individual first lameness events were recorded,
53 in heifers in the treatment group and 49 in control
heifers. Of those 102 lameness events, 51 were first
diagnosed by farmers. No apparent differences were
detected in the hazard rate for time to first lame event
between heifers in the 2 treatment groups. Treatment
heifers had a 1.12 times hazard rate (95% confidence
interval: 0.65-1.95) of a lame event compared with
control heifers. No associations were identified between
heifers in the 2 groups for any of the secondary out-
come measures. However, farmers did report that the

Received November 28, 2021.
Accepted May 2, 2022.
*Corresponding author: winston@epivets.co.nz

intervention was practical and easy to implement. It is
possible that the intervention did not challenge the hoof
enough, and that longer duration and distances walked
may have resulted in a different outcome. Although no
improvement in lameness outcomes were reported, no
negative effects during and after the intervention were
noted in animals in the intervention group. Further
research into the area of lameness prevention is needed
as there are few evidence-based solutions available to
reduce lameness incidence in pasture-based systems.
Key words: lameness, prevention, pasture-based,
heifers

INTRODUCTION

Lameness is one of the major production-limiting
diseases, and, arguably, the most important animal
welfare condition affecting New Zealand dairy cattle
when prevalence (Fabian et al., 2014), incidence (Gibbs,
2010) and duration of the disease (Laven et al., 2008)
are considered.

A recent review focusing on control of lameness in
dairy heifers stressed the importance of focusing on
heifers to control lameness (Bell and Randall, 2021),
and a compelling case can be made of why insults that
occur to the hoof of a heifer can have profound effects
on lameness later in life (Hirst et al., 2002; Randall et
al., 2016; Bell and Randall, 2021). Hirst et al. (2002)
reported a 3.2 times hazard (95% CI: 1.3-7.5) of claw
horn lameness in the second lactation in animals that
were lame as heifers compared with those that were not
lame as heifers. A negative feedback loop adds further
challenge to lameness control, where a case of lameness
is associated with pathological changes within the hoof
that in turn predisposes cattle to future cases of lame-
ness (Newsome et al., 2016; Wilson et al., 2021).

This suggests that an increased amount of effort
should be aimed at either reducing the risk of lameness
in the first lactation, or at the very least extending
the time to first lame event, with particular emphasis
around the transition period for the heifer (Bell and
Randall, 2021). Although several control methods and
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recommendations have been published (Vermunt and
Parkinson, 2002; Potterton et al., 2012; Bell and Ran-
dall, 2021), many of these recommendations are based
on observational studies rather that interventional stud-
ies (e.g., Vermunt and Parkinson, 2002), and practical
implementation by farmers for many of these strategies
has been challenging (Bell et al., 2009; Barker et al.,
2012; Bruijnis et al., 2013). This is likely a bigger chal-
lenge in pasture-based dairy systems as there are fewer
practical options available to help reduce the effect of
lameness (Hund et al., 2019). Of the 10 foot-health
intervention categories that were proposed by Bell and
Randall (2021), only 4 are likely to apply to pasture-
based systems (genomic selection, heifer transition
and early postcalving management, fortnightly mobil-
ity scoring and prompt effective treatment, and the
development of the digital cushion with exercise and
hard tracks or flooring). Only these 4 are applicable
because the vast majority of dairy cows in New Zealand
are never housed and the rates of prophylactic hoof-
trimming are low, as described in Bryan et al. (2012).

The negative effect of housing dairy cattle on hard
flooring for an extended period of time around calving
on hoof health has been demonstrated in several studies
(Vermunt and Greenough, 1996; Webster, 2001; Laven
and Livesey, 2004; Bergsten et al., 2015), demonstrat-
ing that housing management before, and after calving
can have a profound effect on future lameness events.
There is also evidence that an adaptive process can
occur within the hoof in response to environmental
stressors, and the timing of when this occurs appears
critical (Bergsten and Frank, 1996; Bergsten et al.,
2015; Randall et al., 2016).

It is currently unknown what effect precalving tran-
sition management has on postpartum hoof health in
dairy heifers that have spent the majority of their lives
at pasture. The transition period for heifers is relatively
unique in New Zealand, in that they have spent usually
the majority, if not all of their life before first calv-
ing at pasture and a large proportion (>90%) of them
calve over a short time frame of approximately 2 mo.
Yet after calving, these animals are exposed to a host
of new environmental (e.g., concrete yards, farm races
of varying quality) and management stressors (e.g., in-
troduction to new staff, mixing with other older cows,
often in large groups (>300 animals) and other cows,
introduction to feed sources other than grazed pasture,
walking long distances along farm races), in addition
to the unavoidable changes that calving has on the
hoof (Webster, 2001; Tarlton et al., 2002; Knott et al.,
2007). Biochemical changes associated with parturition
alter and weaken the connective tissue involved with
the suspensory apparatus of the pedal bone within the
hoof capsule, resulting in greater laxity of the pedal
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bone within the hoof capsule in primiparous heifers
compared with maiden heifers of a similar age (Tarlton
et al., 2002). This laxity increases the loading pres-
sure of the pedal bone and can result in damage and
disorganization to the adjacent corium. Although this
is a natural and unavoidable phenomenon, the clinical
effect can be modified by the environment the cattle
are housed in (Knott et al., 2007). The combination of
parturition and housing heifers on concrete has been
associated with greater sole lesion scores in the 3 mo
after parturition, compared with heifers housed on
straw yards around the time of parturition (Knott et
al., 2007). Dairy cattle in New Zealand stand on con-
crete for shorter timer periods than housed cattle, with
the majority of the exposure occurring immediately
before milking on a collecting yard and during milking.
However, exposure to concrete is still an important risk
factor for lameness in these cattle (Hund et al., 2019).

Conditioning the hooves of heifers to standing on
concrete and walking on tracks around the transition
period could allow the hoof to adapt to the stresses
it will be exposed to after calving. Gard et al. (2015)
reported that weaned bull calves reared on a race con-
sisting of mixed terrain with enforced exercise for 4
mo adapted by significantly increasing digital cushion
volume compared with calves managed on a small grass
paddock. This is relevant as digital cushion volume has
been reported as one of the key predictors for lameness
risk in dairy cows (Bicalho et al., 2009). No similar
studies have been undertaken in pregnant heifers. How-
ever, exercise has been shown to increase hoof wear,
and thus, horn growth in pregnant dry cows. Black
et al. (2017) reported that in cows that were housed
in freestalls, adding an exercise regimen (walking for
1.5 h on concrete alleyways) before calving increased
both hoof growth and wear, resulting in more equal
hoof horn growth and wear than in cows housed in
the same freestalls, but without exercise. Black et al.
(2017) concluded that their exercise regimen did not
impair hoof health and may have improved it. Thus,
prepartum exercise may directly increase the ability of
the hoof to protect against external trauma. It may
also have an indirect effect; Bergsten et al. (2015) re-
ported that heifers reared on hard surfaces for one year
before calving had sole hemorrhage before calving, but
fewer sole lesions after calving. This is consistent with
the findings of Randall et al. (2016) that heifers with
the presence of moderate sole and white line hemor-
rhage immediately before calving were associated with
a significant reduction in lifetime lameness risk, infer-
ring that the development of hoof hemorrhages before
calving is associated with hoof resilience.

Any reduction in the risk of lameness or a delay to
the development of the first case of lameness would
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Table 1. Lameness scoring descriptors used in a randomized clinical trial investigating the effect of precalving exercise and time standing on
concrete on time to first postpartum lame event (adapted from DairyNZ Lameness Scoring system)

Lameness score Descriptor

0

Walks with even weight bearing on all 4 limbs at a similar walking speed to a person, with regular stride length and

rhythm. Straight back line at all times and head held in line or slightly below the backline and steady when walking.

1

Walks unevenly but reduced weight bearing on affected limb not easily obvious. May have uneven stride length or

rhythm. Backline straight when standing but may be mildly arched when walking.

Lame, with decreased stride length on affected limb. Weight bearing reduced on affected limb, which can easily be

identified. Walking speed slower than normal. Backline often arched when standing and walking and head bobs up and

down when walking.

Severely lame, with minimal or no weight bearing on affected limb. Reluctant to move and cannot keep up with

the healthy herd. Backline arched when standing and walking and often large head movements up and down when

walking.

result in a long-term reduction in lameness risk across
the whole of an animal’s productive life. However,
to be acceptable on farm, such interventions need to
be practical and achievable, as well as effective. Our
hypotheses were that exposure to concrete and farm
tracks via an exercise regimen immediately before calv-
ing in pasture-based heifers would increase sole soft tis-
sue thickness and that this modification would reduce
lameness risk postcalving. The primary objective of
this study was to assess whether exposure to standing
on a concrete surface and exercise on tracks over a 5-wk
period immediately before calving affected the hazard
of lameness in first-lactation dairy heifers. Secondary
objectives included assessing the effect on sole soft tis-
sue thickness and sole profile, along with associations
with milk solid production, change in BCS during early
lactation, time from onset of breeding until conception,
and the feasibility of the regimen.

METHODS

The study was a partially blinded, randomized clinical
intervention study conducted on a convenience sample
of 6 commercial dairy farms in the Waikato region of
New Zealand. All animal procedures were approved by
the Ruakura Animal Ethics Committee (AgResearch,
Hamilton, New Zealand), application number 14955.
The study was designed and conducted in accordance
with REFLECT guidelines (O’Connor et al., 2010).

Sample size calculations for total heifer numbers were
based on the primary outcome objective, time to first
lameness case. As this was a novel study, there was
minimal information available on which to base calcula-
tions. The assumptions were that 25% of the control
animals would have a lameness score (LS; Table 1) >2
(lameness score range: 0-3) at least once during their
first 7 mo of lactation, and that the intervention would
reduce this by 25% [hazard rate ratio (HR) = 0.75].
Clustering of animals within farm was accounted for by
including a design effect of 1.2. With an 80% power and
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a 95% confidence, 293 animals in both groups would be
required (586 in total). Based on the herd-sizes of the
enrolled farms, a total of 795 heifers were enrolled. This
accounted for animal drop-out and issues with miss-
ing data; not every heifer was able to be identified on
every scoring occasion due to logistical issues observing
animal identification when scoring lameness. Sample
size calculation was as per methods stated in Therneau
and Grambsch (2000) and implemented using the epi.
sscomps() function in epiR package within the statis-
tical software R, using version 4.1.0 (2021; https://r
-project.org). The secondary outcome of distance from
pedal bone to sole surface, as measured by ultrasound,
required 28 animals, 14 in each treatment group, to
be able to detect a 1.3 mm difference in sole soft tis-
sue thickness, with a standard deviation of 1.2 mm (as
described by Laven et al., 2012a), with a power of 80%
and a 95% confidence.

Study Farms

This study was conducted on a convenience sample of
6 dairy farms from the Waikato region of New Zealand
from June 2020 to February 2021. The farm enrollment
criteria consisted of the farm being 100% spring-calving
with cows managed at pasture, undertake individual
cow milk sampling including testing for weight of fat
and protein (kg) on 4 occasions throughout lactation
(as commonly practiced in the New Zealand dairy sys-
tem for herd improvements) and undertake pregnancy
diagnosis with ultrasound to confirm conception date.
The heifers had to be present on the dairy farm for at
least 5 wk before the planned start of calving and had
to have spent the majority of their lives (>95%) on
grazed pasture and had minimal exposure to concrete
up to the stage of enrollment. The farmers also needed
to have the necessary willingness and resources to
conduct and participate in a long-term interventional
study of this type. Larger herd sizes (>450 lactating
cows) were preferred when convenience sampling. In
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total, 8 farms were contacted from a list of dairy clients
of the veterinary practice that the primary author was
employed at and that the primary author thought may
fit the above criteria, with 6 farmers confirming they
would participate in the study. The 2 farmers that de-
clined did so due to the perceived additional workload
required to administer the intervention. Farmers were
required to record any time that heifers spent stand-
ing on concrete additional to the intervention, and to
report any lameness that they noticed for any heifers
through the study period. Study dates were referred to
relative to 2 major farm calendar dates used in the New
Zealand dairy system; the date when the first heifer
was predicted to start calving, and the planned start of
mating for the herd. The length of time between these
2 dates are not the same for every farm, with some New
Zealand dairy farms having heifers begin to start calv-
ing 1 to 2 wk before the multiparous cows. The period
between the planned start of calving for the heifers and
the planned start of mating on the enrolled study farms
ranged from 82 to 94 d, with a median of 84 d.

Study Animals

The study population consisted of all pregnant nullip-
arous dairy heifers present on the enrolled study farms
at the time of the initiation of the study (approximately
5-6 wk before the start of the 2020 calving period for
each herd). The sample population was selected from
the study population after the heifers with the follow-
ing exclusions were removed; any heifer with a LS >2
on the day of enrollment, any heifer with a BCS <4
(using a 10-point scoring system; Roche et al., 2004) on
the day of enrollment, and any animal that the farmer
stated would not go on to be used for milk production.
Postinclusion removals consisted of animals that were
identified as lame by the farmer during the intervention,
any that calved at least 3 wk before expected calving
date (defined as aborted), or any systemic illness that
the farmer reported to the study investigator before the
animal calving. Enrolled animals were followed until
approximately 6 to 7 mo of lactation (culminating with
the 15th LS event on each farm), or removal from the
herd (whichever occurred first). The one exception was
for the secondary outcome of milk production, where
data from enrolled animals was collected up until the
end of their first lactation.

Randomization

Heifers were randomly allocated into intervention or
control groups at a ratio of 1:1 on each farm. Random-
ization blocking involved BCS. A list of study animals
for each farm was created with animals grouped on

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

7692

BCS on the day of enrollment in 0.5 unit increments.
For each BCS group, animals were ordered by smallest
to largest tag number. A coin was tossed by the lead
technician to decide which treatment group the first
animal in each block was allocated to. The next animal
was then randomized into the alternate group, with
this pattern continuing for the remaining of the BCS
group.

For the sole profile and sole soft tissue thickness mea-
surements, 30 heifers from 2 farms were selected, 20
from one farm and 10 from the other. The 2 farms were
selected based on convenience, as they had the best
handling and chute facilities. Animals within the farms
were ordered within treatment group and expected
calving date, and the study population consisting of
animals with expected calving dates in the second week
of the seasonal calving period for the heifers on each
farm. The planned sample population consisted of the
first 10 animals in each treatment group from farm 1
and the first 5 from farm 2. However, due to a recoding
issue, 11 treatment animals and 9 control animals were
enrolled on farm 1.

Intervention

Animals were drafted into either intervention or
control groups, as per randomization procedure, 5 to
6 wk before the planned start of calving for the heif-
ers on each farm. On each study farm, animals were
then managed separately in their respective treatment
groups until the time of calving for the animal, or
once the intervention period had finished (whichever
occurred first). Heifers in the intervention group were
required to walk along the farm race from the paddock
that they had been allocated by the farmer on a given
day, to the concrete collecting yard, or concrete feed
pad. The distance walked varied depending on the day
and the farm, but was designed to have the animals
walk a total of approximately 1.0 km (range: 0.5-1.5
km) along tracks per intervention day. The intervention
animals then stood on concrete without feed for ap-
proximately one hour (minimum one hour, maximum
1.5 h), after which they were allowed to walk back to
their paddock. Water was available for heifers when on
the concrete surface. The intervention took place once
a day, 5 d every calendar week for 5 wk (a total of 25
intervention days over a 35-d period) and was carried
out by farm staff. Farmers were financially incentivized
to participate in the study, to recompense them for the
cost of the additional labor required to implement the
intervention. Spot audits on all farms were conducted
at least weekly by the lead technician to ensure that
the intervention was being conducted. Control animals
were managed as per normal farm practice during the
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5-wk intervention period, and for 4/6 farms, heifers
were kept permanently at pasture. Two farms operated
the practice of standing animals off. This describes a
practice where cattle are moved to a firm surface (in
this case, concrete) in advance of inclement weather so
as to protect sword from poaching damage caused by
animals walking on wet pasture. These 2 farms used
this practice sparingly during the intervention phase
(twice on one farm, and once on the other). When this
occurred, both treatment and control animals were
moved to a concrete surface at the same time and
for the same duration (up to 12 h), and for heifers in
the intervention group, the intervention did not take
place the following day. For all farms, feed during the
intervention phase consisted solely of grazed pasture.
Quantity and quality of pasture that was allocated to
the heifers in their daily paddock was not measured as
part of the trial and it was left to the individual farmers
to make management decisions on this. However, they
were instructed to manage the feeding of the 2 treat-
ment groups such that animals in the treatment and
control groups received a similar quality and quantity
of grazed pasture.

At the completion of the intervention phase, just
before the planned start of calving, the 2 treatment
groups were merged in preparation for parturition.
Once the intervention had ended, farmers managed the
heifers as per their standard farm practices, and on all
farms, heifers calved at pasture. On all farms, heifers
were milked in a herd separate to the main mixed-age
cow herd. One farm milked their heifers once a day dur-
ing the mating period (a set time period to mate cattle,
approximately 10-11 wk long, starting approximately
12 wk after the start of calving), and another farm
milked their heifers once a day from the start of mating
onwards. The remaining 4 farms milked heifers twice a
day throughout the entire lactation.

The primary investigator (WM) was not blinded dur-
ing the intervention, as he was aware which animals
were in the intervention group when assisting with the
conditioning and exercise enrollment and intervention.
However, the technicians assessing the LS were blinded
to treatment groups, as all heifers were managed to-
gether in one herd after calving. Before the analysis be-
ing undertaken, the treatment groups were recoded by
an independent operator (i.e., treatment was changed
to group X and control was changed to group Y). This
allowed the biometrician to be blinded to the treatment
groups during statistical analysis. Farm staff did not
know which treatment group the heifers were enrolled
in once lactation had commenced, although the nature
of the intervention did not allow blinding while it was
being administered.
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Data Collection

Fortnightly LS data from heifers in milk was col-
lected by one of 2 trained technicians, starting 2 wk
after the first heifer in each herd had calved and con-
tinuing for 15 LS events. LS was based on the DairyNZ
0-to-3 grading system (Table 1) and was conducted as
animals were leaving the milking parlor on a flat even
concrete surface. The time when the LS data were col-
lected could be at either the morning milking or the
afternoon milking and varied between and within farms
for practical reasons (e.g., on one farm lack of lighting
made it difficult to visualize heifers walking after morn-
ing milking in spring, or if the primary technician had
another appointment in either the morning or after-
noon). The technicians were LS-trained by the authors
JH and WM, and were re-assessed 4 times within the
first month of the study by the lead researcher, WM.
Formal training consisted of a morning of LS theory
and watching of prerecorded videos, of which the tech-
nicians were quizzed on. Then during the afternoon,
the 2 technicians and JH and WM scored >200 animals
walking postmilking. Assessment of drift was not car-
ried out during the observation period, and reliability
measures were not assessed.

Farm staff were instructed to record the animal num-
ber and date of all cases of lameness that they diag-
nosed on farm. These farmer-recorded lameness cases
were analyzed as lame, regardless of their LS status
during routine data collection. No formal instructions
were given to the farmers by the study authors on how
to observe lame animals.

All heifers had BCS measurements collected at 3
time points; at enrollment (BCS1), when 50% of the
heifers had been calved at least 4 wk (BCS2) and ap-
proximately 2 wk after planned start of mating (BCS3).
Animals were scored on a 10-point scale by a DairyNZ
certified body condition scorer (Roche et al., 2004).

Data were collected for each heifer on date of birth,
breed, individual calving date, and herd removal data
up until the point of drying off (~10 mo following calv-
ing) by extracting it from the herd recording software
Minda Live (Livestock Improvement Cooperation).
This software was also used to extract individual milk
sample information collected at 4 time points during
lactation (at approximately 2, 5, 7, and 9 mo following
the herd start of calving). This data provided informa-
tion on the fat and protein weight of the milk, commonly
reported combined in New Zealand as kilograms of milk
solids. Trans-rectal ultrasound was used to determine
the presence and age of the fetus at approximately 35
d after the end of the mating period by veterinarians,
and data on date of conception and pregnancy status
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entered into the Infovet platform (Zoetis New Zealand
Ltd.).

The animals enrolled for sole profile and sole soft
tissue thickness assessment were restrained in a chute
and had either left or right hind limbs (left on one of
the farms, right on the other farm) lifted on 3 occa-
sions: at enrollment, 7 to 14 d postcalving, and 100
to 110 d postcalving. The hoof was first washed and
the widest point of the lateral claw identified. The sole
profile was obtained by placing a contour gauge at
this position and transposing the profile with pencil
onto graph paper. Sole depth from the abaxial aspect
of the claw was measured at 10 mm, 20 mm, and 30
mm from the abaxial edge, with vertical measurements
from these points to where the abaxial surface would
have contacted the ground. The methodology followed
that proposed by Tranter and Morris (1992). Ultraso-
nographic images of the plantar surface were then col-
lected from the lateral claw of the elevated limb with an
Easi-scan curvi-linear scanner (BCF Technology Ltd.)
following the methodology proposed by Laven et al.
(2012b). Briefly, sole soft tissue thickness was defined
as the vertical measurement from the sole surface to
the tip of the distal phalanx over the midline of the
claw, perpendicular to the sole surface. Further details
including pictorial illustrations are available in Tranter
and Morris (1992) and Laven et al. (2012b).

Statistical Analysis

All analyses were carried out using the statistical
software R, using version 4.1.0 (2021; https://r-project
.org). The experimental unit of observation was the
cow for all analyses. Descriptive statistics for animals
from each farm and both treatment groups were de-
scribed. Counts and proportions of categorical variables
were tabulated and continuous variables described with
respect to either mean and standard deviation, or me-
dian and interquartile range. The proportion of animals
removed from the herd during the study period was
reported for each farm and for the 2 treatment groups.
The proportion of lame animals, and 95% confidence
intervals, within each treatment group was reported for
the entire observational period.

The primary outcome was the number of days from
the end of the intervention to first case of lameness
(either LS >1/3 or farmer diagnosed lameness); any
subsequent lameness events were not analyzed. The
outcome variable was right censored to either the last
LS event on a farm or when an animal was removed
from the herd, whichever occurred first. Data were
initially presented in the form of Kaplan-Meier curves,
with treatment group or farm as the predictor, respec-
tively, to visualize the survival curve between farms
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and animals in each treatment group. To assess the
statistical association between treatment group and
time to first lameness case, a Cox proportional hazard
model was developed, with ties handled using the Efron
approximation. The predictor of interest was treatment
group; breed was included as a possible confounding
variable. It was also of interest to assess whether the
effect of treatment on lameness risk differed between
farms, so initially a farm x treatment interaction term
was included into the model. Both breed and treatment
group were included in the initial multivariable model,
as was the farm x treatment interaction term; starting
with the interaction term, variables were removed from
the multivariable model if partial likelihood ratio test
statistic between 2 nested models had a P > 0.05. If
the farm x treatment interaction term was removed,
then farm was treated as a frailty term, to account
for clustering of animals within farm. Results from the
model were reported as HR with associated 95% confi-
dence intervals. Proportional hazards assumption was
assessed using a global statistic based on Schoenfeld
residuals, and scaled Schoenfeld residuals plotted over
time for each variable with a smoothing line and 95%
confidence interval to visually assess any deviation from
proportional hazards. The proportional hazards of ani-
mals in the 2 treatment groups within each farm (farm
X treatment interaction) were also assessed using the
methods described above to ensure that the assump-
tion of proportional hazards was constant over each
farm. Deviance residuals from the final model >3 were
further investigated as potential outliers. The effect of
influential observations were assessed with dfbetas for
each model coefficient. Any dfbetas >0.10, or any ob-
servations that had dfbetas substantially greater than
the bulk of the observations, were investigated further.
If any reason was found to remove these observations
(e.g., data entry issue), then they were removed. Oth-
erwise, they remained in the model.

Secondary outcomes included time from the date
where the herd started mating to conception, herd
removal, BCS, and milk fat + protein (kg of milk sol-
ids). Sole profile and sole soft tissue thickness from the
examined subset of animals were also analyzed.

Reproductive data were recoded as the number of
days from the herd start of mating to conception date
and was analyzed as time-to-event data. The methodol-
ogy was the same as described for time to first case of
lameness above, with the same model building strategy
and predictors assessed. All nonpregnant animals were
right censored to the median mating length of the farms
(77 d).

Milk solids per cow per herd-test day was analyzed
using mixed linear regression techniques. As there were
repeated temporal herd-test measurements for each
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heifer, heifer was included as a random intercept term,
and a first-order autoregressive correlation structure
for herd-test number within heifer was included in the
error term. Farm was included as a fixed effect to avoid
model complexities of 3 levels of hierarchy. Predictors
of interest were treatment group, breed, DIM, farm,
and herd-test number. A saturated initial multivari-
able model was produced, as per recommendations of
Zuur et al. (2009). Variance inflation factors for all
variables were produced before any variable selection
was conducted, as it was likely that DIM and herd-
test number would be highly correlated. If the variance
inflation factor was >4 for either of those 2 variables,
then herd-test number would not be included into the
model. Variables were then removed from the model if
the likelihood ratio test between 2 nested models was
P > 0.05, until all variables remaining had a likelihood
ratio test P < 0.05. Treatment group was forced into
the model as the predictor of interest. Various polyno-
mials, including the Wilmink function, were assessed
for improved model fit over a linear term for DIM; the
DIM variable with the model with the lowest Akaike
information criterion was selected as the DIM function.
Standardized residuals >3 from the final model were
investigated further to assess if there was any reason to
remove them (e.g., data error entries). Cook’s distances
were produced for each observation from the final
model and ranked in order from largest to smallest.
Any of those that were substantially greater than the
bulk of the observations were reported and had their
raw data investigated further. The assumptions of ho-
moscedasticity and normality of residuals were assessed
graphically.

Body condition scores at each time point were tabu-
lated, and the BCS change between first and third BCS
(BCS 1 to BCS 3) and second and third BCS (BCS 2
to BCS3) reported. Data were collapsed into reductions
in BCS of >0.5 or <0.5 units. For each binary outcome,
BCS 1 to BCS 3, and BCS 2 to BCS 3, a mixed logistic
regression model was used to assess the relationship
between treatment group and BCS change over time.
The only predictor included was treatment group; farm
was included as a random effect.

Sole soft tissue thickness (mm) was analyzed using
linear regression, with the outcome for each heifer the
difference between the measurements at the second
(postcalving) and first (enrollment) visit, and between
the third (mating) and first visit, respectively. A single
model accounting for repeated sole measurements over
time was produced. The hypothesis was that the in-
tervention altered the sole soft tissue thickness over
time. As such, an interaction between treatment and
timing of measurement (postcalving or mating) term
was forced into the final model. This interaction term
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also accounted for the clustering within animal, so no
random effect of animal was needed. It was also pos-
sible that the effect of treatment may have been modi-
fied by farm. A 3-way interaction term between farm,
treatment, and timing remained in the model if the
log-likelihood ratio test between 2 nested models was P
< 0.05. If this was not met, then the 3-way interaction
term was removed, and farm assessed for its inclusion
into a multivariable model. No other predictors were
included in the model. Data were reported as estimated
marginal means and 95% confidence intervals adjusted
for multiple pairwise comparisons using the Sidék cor-
rection. Linear regression assumptions of homoscedas-
ticity and normality of residuals were assessed, as well
as linearity for the continuous predictor, sole soft tissue
thickness at enrollment. The outcome for sole profile
was the difference of the distance vertically between
the 30 mm and 10 mm measurement from one lateral
hind claw on a given measurement day. Linear regres-
sion was conducted to assess the association between
treatments over time on the sole profile of the claw.
Inclusion of farm in the model, and model reporting
was as per sole soft tissue thickness.

RESULTS

Of the 795 animals in the study population, 790 were
enrolled into the study (Figure 1). Of those, 397 were
randomly enrolled into the treatment group and 393
into the control. A total of 782 heifers remained in
the study at the completion of the intervention phase,
and this was the denominator for all analyses, unless
otherwise stated. Two animals were diagnosed as lame
during the intervention phase; one from the treatment
group and one from the control group. Three hun-
dred seventy-nine treatment animals and 376 control
animals completed the study. Descriptive statistics for
the 790 enrolled heifers in both treatment groups are
presented in Table 2. Seventeen animals were culled,
and 3 died, during the course of the study period (up
to approximately mid-February, 2021); 11 of these were
control animals and 9 were in the treatment group. The
number of removed animals per farm varied from zero
to 12, with a median of 3 removed animals per farm.

Lameness Outcomes

Fifteen lameness assessments were conducted on each
farm, starting between July 14 and August 6, 2020,
and continuing until between January 25 and Febru-
ary 19, 2021, depending on the start of calving of the
farm. Due to the range of calving dates, heifers had a
median of 14 lameness assessments, with a range of 12
to 15. A total of 102/782 (13.0%; 95% CI: 10.9-15.6%)
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[ Enrollment ]

Assessed for eligibility (n=795)

7696

Excluded (n=5)
+ Lame (n=1)
+ Not present at enroliment (n=4)

\ 4

Randomized (n= 790)

A 4

Allocated to Treatment (n= 397)

—

Allocation

\4

—

Allocated to Control (n= 393)

Completed
Intervention

Completed intervention (n=392)

- Lame (n=1)

- lliness (n=1)

- Not pregnant (n=1)
- Abortion (n=2)

+ Did not complete intervention (n=5)

J
Completed control (n=390)

+ Did not complete control (n=3)
- Lame (n=1)
- Not pregnant (n=1)
- Abortion (n=1)

Completed
Locomotion
Score

Completed LS (n=379)
- Died (n=2)

- Did not calve (n=4)
- Abortion (n=1)

+ Removed prior to LS completion (n=13)

- Culled due to lliness (n=1)

- Culled due to ‘other’ reasons (n=5)

/

4

Completed LS (n=376)

+ Removed prior to LS completion (n=14)

- Died (n=1)
- Culled due to lliness (n=1)
- Did not calve (n=4)

- Culled due to udder issues (n=2)
- Culled due to ‘other’ reasons (n=7)

Figure 1. Flowchart outlining reasons for inclusion, exclusion, and removal of animals from a randomized clinical trial investigating the ef-
fect of exercise and time standing on concrete on time to first lame event. Only animals that completed lameness scoring were included in the

analysis. LS = locomotion score.
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Table 2. Descriptive statistics for 790 enrolled heifers, across 6 farms, in a randomized study investigating
the effect of exercise and standing on concrete precalving, on the risk of lameness during lactation; number of
heifers in each category presented, with percentage in parentheses

Variable Level Control Treatment Overall
Farm 1 95 (50.3) 94 (49.7) 189
2 58 (50.4) 57 (49.6) 115
3 55 (49.1) 57 (50.9) 112
4 41 (49.4) 42 (50.6) 83
5 51 (50.0) 51 (50.0) 102
6 93 (49.2) 96 (50.8) 189
BCS <4.5 49 (47.1) 55 (52.9) 104
5 65 (46.4) 75 (53.6) 140
5.5 207 (49.4) 212 (50.6) 419
>6 72 (56.7) 55 (43.3) 127
Breed Holstein-Friesian 60 (48.0) 65 (51.6) 125
Jersey 87 (49.4) 89 (50.6) 176
Kiwi cross and other 230 (50.0) 230 (50.0) 460
NA' 16 (55.2) 13 (44.8) 29

!Animals did not have breed data available as they had been culled or removed from the study before study

completion.

heifers were diagnosed as lame between the end of the
intervention phase and the end of the LS phase; 51 of
these were diagnosed during LS events, and the other
51 were diagnosed by farmers, before the technician
visit. Fifty-three of the lame animals belonged to the
treatment group (13.6%; 95% CI: 10.6-17.4%), and 49
to the control group (12.6%; 95% CIL: 9.6-16.2%).

The data were compatible with there being no effect
of treatment group on the hazard of lameness with the
hazard rate in the treatment group being 1.12 times
(95% CI: 0.65-1.95; P = 0.94) the hazard of a case of
lameness in the control group (Figure 2). If the true
hazard ratio was 0.65, we would almost never (2.5% of
the time) expect a HR as large as we observed. Thus
HR <0.65 are contradicted by the data. If the true HR
was >1.95, we would almost never (2.5% of the time)
expect an HR as small as we observed. Thus HR >1.95
are contradicted by the data. Breed was not associ-
ated with hazard of lameness (P = 0.52). There was no
evidence of a farm X treatment interaction (P = 0.71).
The proportional hazard assumptions were not violated
for treatment, nor were they violated for groups of ani-
mals in the 2 treatment groups within each farm. Four
observations were identified with deviance residuals >3;
no reason was identified to exclude these observations.
No influential observations were identified.

Reproductive Outcomes

A total of 754 heifers had pregnancy data; 20 heifers
were removed from the herd before pregnancy testing,
and 8 had had missing pregnancy test data. The data
were compatible with no difference in the hazards of
pregnancy between treatment and control animals (P
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= 0.72). The hazards of pregnancy in the treatment
heifers was 0.97 times (95% CI: 0.84-1.13) the hazards
of pregnancy in the control animals.

Milk Production

Milk test data were collected for 2,892 individual
samples from 758 study heifers. The outputs of the
mixed linear regression model can be found in Table
3. Heifers in the treatment group produced 0.010 (95%
CI: 0.016-0.036) kg of milk solids/cow per day less than
control heifers across the entire lactation, but the data
were compatible with no difference between the groups
(P = 0.46). As there were few herd-test measurements
within the first 50 d of lactation, a linear term for DIM
provided a better fit for the model than polynomial
functions such as the Wilmink lactation function. DIM
and herd-test number demonstrated collinearity issues
(variance inflation factor for DIM of 5.6), and there-
fore, only DIM was included in the model. Farm, breed
and DIM were all associated with daily MS production
(Table 3). There were 3 observations that had Cook’s
distance >0.060 (at least 20% greater than the next
closest observation). All 3 of these were the first herd-
test value from Jersey animals from the same farm, 2
in the control group and one in the treatment group.
No reason was found to exclude these values. No outlier
observations were identified, and there were no devia-
tions from homoscedasticity or normality or residuals.

Body Condition Score

The BCS change from BCS 1 to BCS 3, and BCS 2 to
BCS 3 is presented in Table 4. The data were compat-
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Figure 2. Kaplan-Meier survival plot for treatment group and time in days since the end of intervention to first case of lameness from a
randomized clinical trial investigating the effect of exercise and time standing on concrete on time to first lame event. Lameness was defined as
either lameness score (LS) >1 by a trained technician, or diagnosed by farmer. The + represent censored nonlame animals removed from the herd
before the end of the study. A risk table of the number of heifers that remain eligible for first case of lameness at 50-d increments throughout
the study period is presented below the Kaplan-Meier plot.

Table 3. Output from mixed linear regression model with kilograms of milk solids/heifer per day as the outcome (n = 2,892 samples from 758
heifers); animal was included as a random intercept and an autoregression correlation structure for herd-test within animal included in the error
term

Variable Category Coefficient SE Lower 95% CI Upper 95% CI P-value
Intercept 1.967 0.026
Treatment Control Referent 0.46
Treatment —0.010 0.013 —0.036 0.016
Farm 1 Referent <0.001
2 0.007 0.027 —0.045 0.058
3 —0.321 0.028 —0.376 —0.267
4 —0.201 0.038 —0.275 —0.126
5 —0.253 0.026 —0.303 —0.203
6 —0.587 0.027 —0.639 —0.535
Breed Friesian Referent <0.001
Kiwi cross and other 0.026 0.021 —0.015 0.067
Jersey —0.091 0.032 —0.154 —0.028
DIM —0.003 0.000 —0.003 —0.003 <0.001
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Table 4. The unit of BCS change at 2 time intervals between treatment and control heifers from randomized
study investigating the effect of exercise and standing on concrete precalving

Unit of BCS change

Interval Category —0.5 0 0.5 1 1.5 2 2.5
BCS 2-BCS 3 Control 14 160 137 13 0 0 0
) Treatment 16 148 138 14 0 0 0

BCS 1-BCS 3° Control 2 8 66 150 107 18 0
Treatment 0 16 74 144 98 20 1

"The numerical difference between BCS measured approximately 4 wk postcalving and BCS measured approxi-
mately 2 wk after the start of mating (~14 wk after the completion of the intervention).

*The numerical difference between BCS measured at the initiation of the intervention (5-6 wk before the herd
expected calving start date) and BCS measured approximately 2 wk after the start of mating (~14 wk after

the completion of the intervention).

ible with no difference between treatment groups in the
number of animals that lost >0.5 BCS from the second
and third BCS assessment (P = 0.24) and from the first
to third BCS assessment (P = 0.36).

Sole Soft Tissue Thickness and Sole Profile

A total of 28 (14 of which were treatment) and 25 (11
treatment) heifers had sole soft tissue thickness mea-
surements at the second and third examination, respec-
tively. Due to recording errors with saving of images,
there were only 2 treatment heifers from farm 2 that
had measurements at the third examination. A 3-way
interaction existed between farm, examination number
and treatment group (P = 0.05; Figure 3). There was
no difference between treatment and control heifers
on farm 1 at the calving and mating measurements,
nor between calving and mating. However, treatment
heifers from farm 2 had 3.37 (95% CI: 0.24-6.49) mm
greater sole soft tissue thickness at the mating visit
compared with the calving visit, and also had 3.82
(95% CI: 0.92-6.71) mm greater increase in sole soft
tissue thickness than treatment heifers from farm 1.
On farm 1 heifers had a reduction in sole soft tissue
thickness from enrollment to calving of 1.22 (95% CI:
0.04-2.42) and 1.48 (95% CI: 0.42-2.55) mm for control
and treatment heifers, respectively.

At the postcalving visit, there were 30 heifers, 16
of which were in the treatment group with sole-profile
measurements. Twenty-nine heifers, 15 of those in the
treatment group, had sole profile measurements at mat-
ing. Farm was not included in the final multivariable
model as it did not modify the effect of treatment (P
= 0.45), nor was it associated with sole profile overall
(P = 0.39). The data were compatible with treatment
having no effect on sole profile at calving (P = 0.77) or
mating (P = 1.0). Averaged across both treatment and
control groups, at calving heifers had 1.58 mm (95% CI:
0.85-2.30) smaller difference between measurements
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taken 30 mm and 10 mm from the abaxial hoof margin
compared with measurements collected at enrollment.
There was less variation in sole profile between calving
and mating (mean difference 0.19; 95% CI: —0.55 to
0.92 mm).

DISCUSSION

This article reports findings from a randomized
controlled trial, conducted and reported in accordance
with the REFLECT guidelines (O’Connor et al., 2010),
investigating the effects of exercise and standing on
concrete precalving in pasture-based dairy heifers on
time to first lame event. No associations were identi-
fied between treatment group with respect to time to
lame event, nor any of the secondary outcomes. Despite
not finding clear evidence of differences between heifers
in the treatment and control groups, we believe it is
important that study outcomes are reported to inform
future research in the important areas of study for dairy
cow health and welfare.

This study was powered to detect a 25% reduction
in the hazard of lameness from an assumed baseline
hazard of 25%. This a priori hazard rate reduction
equated to an absolute reduction in lameness incidence
of ~6%, and was selected as a large enough difference
that may appeal to farmers to implement the interven-
tion. With the apparent lameness incidence risk in the
control group being half that expected before the study
(12.6 vs. 25.0%), an HR of ~0.5 for lameness in animals
in the intervention group compared with animals in
the control group would have been required to detect
an absolute difference of ~6%. Post hoc power calcula-
tion revealed that this study had a 93% probability of
detecting that difference, if it indeed existed. Therefore,
we have reasonable confidence that this intervention, in
its current form at least, is unlikely to result in a bio-
logically meaningful reductions in the rate of lameness
in first-lactation dairy heifers. It is possible that both
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Figure 3. Error plot of estimated marginal means of the differences (mm) in the distance between the sole surface and the tip of the pedal
bone, from the initial measurement at enrollment. Two outcome measurements were collected; 7 to 10 d postcalving and just before the start of
mating on 2 of the 6 enrolled farms. Outputs are from a linear regression model, with 95% confidence intervals adjusted for multiple comparisons.

the distances walked, and the length of time standing
on concrete, were not great enough to elicit a response
in the hoof. This statement is supported by the find-
ings of sole soft tissue thickness and sole profile in the
current study where there was no difference in sole soft
tissue thickness or sole profile after calving between
intervention and control animals. Although there was
a 3-way interaction present between farm, treatment
group and time, due to this only involving 2 treatment
animals on one of the farms, it needs to be corroborated
in future studies before much weight is applied to it.
It was expected that even if a reduction in hazards of
lameness was not observed that the intervention should
at least result in sole measurement changes over time,
however we found no effect on sole concavity or sole
soft tissue thickness. The lack of treatment effect on
these measures adds weight to the argument that the
intervention may not have been sufficient to promote
changes in the hoof. As this was a proof-of-concept
study, the study could have been designed with a more
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extreme version of the intervention, where heifers were
expected to walk much longer distances and stand on
concrete for extended periods of time (>6 h/d). The
authors considered it important to not exaggerate the
time on concrete and potentially cause harm. Although
prolonged exposure to hard surfaces in the transition
period alone has not been investigated before, enough
evidence exists on the negative associations between
hard surfaces around calving and claw horn health
(Webster, 2001; Laven and Livesey, 2004; Knott et al.,
2007; Bergsten et al., 2015) that erring on the side of
caution was appropriate for the first clinical study of its
kind. Importantly, the intervention was also designed
to be practical for farmers to implement. The one hour
standing time enabled time for staff to have a break or
do small jobs around the milking parlor. In addition,
the intervention was only conducted on 25 d across a
period of 35 d to allow some flex in the staffing sched-
ule. Requiring longer intervention times per day and
for it to be conducted every day for an extended time
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period would have likely resulted in poor uptake of the
intervention on farm, regardless of the outcome.

There is little argument that the management and
housing environment before and after calving can have
an effect on hoof health and lameness risk (Bergsten
and Frank, 1996; Webster, 2001; Laven and Livesey,
2004; Knott et al., 2007; Bergsten et al., 2015). Berg-
sten et al. (2015) investigated one of the more extreme
examples using a 2 x 2 factorial design investigating
hard and soft flooring with one intervention occurring a
year before calving and a second intervention occurring
for an additional 12 mo after first calving in dairy heif-
ers. By the end of the first intervention, in the second
year of life, the proportion of white line hemorrhages
was greater in heifers wintered on hard surfaces than in
heifers wintered on soft surfaces. After the second year
of the intervention, white line and sole lesions, along
with LS, were significantly greater in heifers managed
postcalving in a cubicle yard with slatted concrete
floors compared with those managed in a yard with
slatted rubber floors. Importantly, an interaction was
reported between the 2 treatment groups and type of
flooring. Heifers managed on hard surfaces as pregnant
heifers and soft surfaces after they had calved had a
lower prevalence and severity of sole and white line
hemorrhage compared with the other 3 combinations of
housing management (soft-hard, soft-soft, hard-hard).
Furthermore, heifers managed on soft flooring when
pregnant and hard surfaces after calving had the high-
est prevalence and severity of claw horn lesions, a group
most similar to conditions experience in pasture-based
systems. The inference from this study is that expo-
sure of the hoof during the rearing period to surfaces
that increase wear, and thus stimulate hoof growth
(Telezhenko et al., 2009; Laven et al., 2012a), and the
prevalence of mild-moderate hoof horn hemorrhages is
actually beneficial to hoof health postcalving. This is
consistent with the clinical findings of Randall et al.
(2016) where heifers with mild white lesions, zero to 2
mo before first calving had a 66% reduction in odds of
lifetime lameness compared with heifers with no white
line lesions precalving.

As this was a novel experiment, it is difficult to
directly compare findings to any previous research.
Although several studies had investigated the effect of
different housing environments pre- and postcalving in
dairy heifers (Vermunt and Greenough, 1996; Webster,
2001; Laven and Livesey, 2004; Knott et al., 2007;
Bergsten et al., 2015), only 2 investigated an interven-
tion that incorporated both an exercise and housing
component (Gard et al., 2015; Black et al., 2017). The
most comparable study, with respect to intervention,
was conducted on recently weaned bull calves split into
2 groups (Gard et al., 2015); the control group was
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managed on a small grass paddock, and the treatment
group on a race consisting of mixed terrain for 4 mo.
The treatment calves were also fed at opposite ends of
the access way to stimulate exercise. At the conclusion
of the study, calves in the treatment group had 37%
greater digital cushion volumes (measured by magnetic
resonance imaging and computed tomography scan)
compared with calves in the control group, suggesting
the adaptive capability of the hoof to respond to the
animal’s environment and degree of movement. Black
et al. (2017) also investigated an exercise regimen dur-
ing the precalving period but in housed dry cows rather
than heifers at pasture. Cattle in the exercise group
over the dry period had equal horn growth and wear
at the cranial aspect of the claw compared with the
cows that were not exercised, which had an increase in
horn growth relative to wear at that point. The authors
reported no association between treatment and LS;
however, this study would have been severely under-
powered to find such an association if it did truly exist
(n = 60 across 3 treatment groups). Even with these 2
studies, comparisons to the current study and extrapo-
lation to pasture-based dairy heifers are difficult. All of
the enrolled animals in the study conducted by Black
et al. (2017) had completed at least one lactation, and
were thus more likely to have had previous lameness
issues and Gard et al. (2015) enrolled 2-mo-old weaned
bull calves. Given the association previously reported
between age (Newsome et al., 2016), and parturition
(Tarlton et al., 2002) on hoof health, respectively, the
findings of this current study probably need to be in-
terpreted in isolation.

Another limitation of comparing the aforementioned
studies with the current study is that the primary out-
comes were not clinical lameness events. Rather, they
focus on hoof factors that increase the risk of lameness,
such as digital cushion volume (Gard et al., 2015), hoof
horn hemorrhage (Vermunt and Greenough, 1996; Berg-
sten et al., 2015) and net hoof growth (Telezhenko et al.,
2009; Black et al., 2017). Despite recommendations and
reviews existing for lameness control (Vermunt and Par-
kinson, 2002; Potterton et al., 2012; Bell and Randall,
2021), implementation of control programs remains a
major issue (Bell et al., 2009; Barker et al., 2012; Main
et al., 2012). Observing a reduction in clinical lame-
ness and the pride of having a healthy, nonlame herd
was one of the major motivating factors for controlling
lameness from a survey of 222 UK dairy farmers (Leach
et al., 2010). Yet only 25% of 500 surveyed Dutch dairy
farmers believed that subclinical hoof disorders (such
as hoof horn hemorrhage) were animal welfare concerns
(Bruijnis et al., 2013), thus, likely reducing motivation
to implement a control strategy directed toward reduc-
ing the incidence of such lesions. To promote behavioral
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change from farmers, the authors wanted the primary
outcome to be clinical lameness. Hence, the focus dur-
ing the current study was to enroll as large a number
of heifers as possible and concentrate predominantly on
LS outcomes. This did, however, come at the expense
of recording lesion incidence. With this lack of lesion
information, we cannot be confident that all of the
reported lameness cases were due to claw horn lesions.
However, they were unlikely to be digital dermatitis, as
the within-herd prevalence of digital dermatitis in the
Waikato region in New Zealand has been reported to be
3.2% (Yang et al., 2019), and within those animals <1%
were reported to be clinically lame (A. Yang, Depart-
ment of Veterinary Epidemiology, Nanjing Agricultural
University, China; personal communication)

It is unknown if the nonrandomly selected 6 study
farms are representative of the total population, and
the degree to which the results can be extrapolated to
heifers in other pasture-based systems in unknown. An
overall lameness incidence risk of 12% in the control
animals is below the median lameness incidence re-
ported from all cows from 43 farms in the South Island
of New Zealand (Gibbs, 2010) and could be considered
low. Accurate lameness incidence and prevalence for all
lactating animals were not available on any of these
farms, so any inferences on overall lameness risk could
not be made. However, in the first author’s opinion, the
facilities and track maintenance on all 6 farms could be
considered good. It is possible that in farms with a high
baseline lameness incidence, where poor management
of tracks and concrete were responsible for much of the
lameness, that an intervention such as this may have
had a greater effect on the time to first lame event (ei-
ther positively or negatively). Animals were managed
within treatment groups during the intervention phase.
Although it was attempted to manage these in a similar
manner, apart from the intervention itself, it was still
possible that the diet and external environment may
have differed slightly between the 2 groups. Although
unlikely, this may have biased the association toward
the null hypothesis. These limitations withstanding, the
internal validity of the study likely remained high, with
large numbers of heifers involved, and strong adherence
to protocol intervention and follow up.

Measurement bias was a possibility in this study due
to the 2 different methods of diagnosing lame cattle,
trained technician and farmer. No formal reliability
measurements between technicians were carried out,
nor was the possibility of observer drift assessed. There
currently is also no formal LS training program avail-
able in New Zealand, so the authors produced their
own training based on combined experiences. These
factors could have resulted in misclassification bias. As
the technician was blinded to the treatment groups,
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any misclassification would have likely erred toward the
null. However, we do not believe that this would have
had a large effect on this study, as the technicians were
experienced in LS and involved in lameness studies with
LS as outcomes running in parallel. Furthermore, only
2 technicians were used, with one technician conducting
80% of scoring events, limiting the interobserver error
common with LS (Schlageter-Tello et al., 2014). The
other source of potential misclassification derived from
farmer reporting of lameness. Half of the lame animals
were first identified by farmers. This was an important
source of lameness diagnosis and was included as the
authors did not want an animal to be lame for up to
14 d in between LS visits. Once animals are identified
by a farmer as lame, they are often removed from the
milking herd and managed separately. These animals
are then often not milked at every milking and thus,
may not have been presented at a LS assessment visit.
Although not formally trained in scoring, all of the
farm managers in the 6 enrolled farms were experienced
stockpersons, and all of them diagnose and treat their
lame cattle on farm. Although it was possible a farmer
could have recorded the numbers of the animals as they
were conducting the intervention, the likelihood of this
was very low. It was far more likely that the farmer did
not know what treatment group the animals belonged
to, so again, if there was any risk of bias, it was toward
the null.

Despite the data being compatible with no associa-
tion between treatment group and lameness rates, we
can also conclude that the intervention produced no
deleterious effects both during the intervention, and
for up to 7 mo after the cessation of the intervention.
There was no increase in lameness risk during the in-
tervention, with only 2 heifers identified as lame during
the intervention period, one in the treatment group and
one in the control group. After the intervention, no
biologically relevant differences were found between the
treatment groups with respect to BCS, MS and repro-
ductive indices. Furthermore, the farmers all reported
that the intervention was easy to implement, and, on at
least 3 of the farms, the farmers believed the interven-
tion heifers became accustomed to the intervention and
anecdotally reported that the heifers appeared quiet
and settled with human interaction.

Enough prior evidence exists to suggest that manage-
ment of heifers before calving can have a large effect
on the subsequent hoof health. Therefore, rather than
conclude that transition management in the New Zea-
land situation cannot reduce the effect of lameness, it is
more likely that this current method was not sufficient
to elicit a response. This information is critical as it
gives us confidence that future investigations in this
research topic should involve increasing the time on
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concrete or increasing the exercise component. We ur-
gently require other practical science-based methods to
proactively reduce the incidence of lameness in pasture-
based dairy cows.
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Farmers’ barriers and motivators for
lameness control

The final research chapter revolves around farmer beliefs and values around lame-
ness control. The preceding chapters describe the extent of lameness across New
Zealand dairy farms, and set the scene for improving lameness treatment and
prevention. However, regardless of how successful the intervention may be in a
research setting, the successful implementation of lameness treatment and preven-
tion strategies requires the buy-in of farmers. From the 120 dairy farms enrolled
into the prevalence study, 101 responded to a second questionnaire on the barriers,
motivators and perceived impacts of lameness. The farmer beliefs and values with
respect to lameness and perception of lameness on their farm is reported in this
chapter. The link to the publication can be found at https://doi.org/10.3
168/jds.2023-23862.
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Can lameness prevalence in dairy herds be predicted from farmers’
reports of their motivation to control lameness, and barriers
to doing so? An observational study from New Zealand
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ABSTRACT

Understanding what motivates and prevents be-
havioral change in farmers is a critical step in disease
control in dairy cattle. A total of 101 New Zealand
dairy farmers across 8 regions were randomly enrolled
into a cross-sectional study to investigate farmer barri-
ers and motivators to lameness control for cows man-
aged 100% at pasture, and the relationship between
these responses and the true lameness status on farm.
Trained technicians lameness scored all lactating cows
on the enrolled farms on 2 occasions during one lacta-
tion. Farm-level prevalence proportions were calculated
as the mean of the 2 lameness scores. Enrolled farmers
were asked their perception of lameness in the current
milking season and responded to 26 ordinal Likert-type
items with 5 options ranging from not important at all
to extremely important. The questions were grouped
under 3 categories; barriers to lameness control (n = 9),
impacts of lameness (n = 10), and motivators to con-
trol lameness (n = 7). The association between farmer
perception of lameness and lameness prevalence was re-
ported using linear regression. Multiple factor analysis
was conducted to identify latent variable themes within
the responses. Linear discriminant analysis was used to
assess if barriers, impacts and motivators could be used
to predict farmer perception of lameness, and lameness
prevalence.

Lameness prevalence was 0.8% greater on farms where
farmers perceived lameness as a moderate or a major
lameness problem compared with on farms where the
farmer perceived lameness as a minor/not a problem.
Farmers ranked all potential motivators to lameness
control as important, and declared few barriers to be
important at preventing them from controlling lame-
ness. Feeling sorry for lame cows and pride in a healthy
herd were the most important motivators, with lack of
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time and skilled labor the most important barriers. The
most important impacts of lameness were cow-related
factors such as pain and production, with farm and
industry impacts of less importance.

Farmers place different weightings of importance on
barriers to lameness control compared with motiva-
tors for lameness control. The impacts and motivators
were strongly correlated with the first dimension from
the multiple factor analysis, with only weak correla-
tion between barriers and the first dimension. Linear
discriminant analysis identified that the importance
that farmers place on barriers motivators and impacts
of lameness were poor predictors of farmers’ belief in
regard to their lameness problem, or actual lameness
prevalence (above or below the median lameness preva-
lence for the study cohort).

Despite relatively low lameness prevalence, many New
Zealand dairy farmers believe lameness is a problem on
their farm, and they rank welfare impacts of lameness
of high importance. To investigate how farmer behavior
change can be used to manage lameness, future studies
should consider theoretical social science frameworks
beyond the theory of planned behavior, and/or involve
prospective interventional studies investigating farmer
actions instead of beliefs.

Key words: Dairy cow, farmer beliefs, lameness,
barriers

INTRODUCTION

Despite lameness being one of the major animal
health and welfare concerns of dairy cattle farming
internationally (Huxley, 2013), there are few control
methods that are associated with a consistent large
percentage reduction in lameness incidence across a
population, or in epidemiological terms, interventions
that have a large population attributable fraction.
For example, while evidence exists for routine foot-
trimming impacts on reducing lameness prevalence and
incidence (Griffiths et al., 2018), in many countries
where routine foot trimming is recommended, lameness
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prevalence remains greater than 20% (Solano et al.,
2015, Griffiths et al., 2018). This highlights the com-
plex multi-factorial interaction between risk factors for
lameness, and that concentrating on specific interven-
tions, even if they are evidence-based, may not result
in meaningfully large reductions in lameness prevalence
(Hueston, 2003, Biesheuvel et al., 2021).

Instead, it may be appropriate to elicit from the main
stakeholders, the farmers, what they believe are the
barriers to controlling lameness on their farm and the
factors that motivate them to control lameness. Farm-
ers are a critical piece of the puzzle in disease control
(Kristensen and Jakobsen, 2011, Biesheuvel et al.,
2021) and often underappreciated and underrepresent-
ed in lameness disease control and research. Involving
farmers in the process of lameness control has resulted
in greater acknowledgment of lameness problems on
farm (Main et al., 2012), and subsequent reduction in
lameness prevalence (Main et al., 2012, Chapinal et al.,
2014). True lameness control success is thus likely to
be in the form of interventions that influence farmers’
behavior in regard to lameness control (Biesheuvel et
al., 2021).

There are a wealth of data from multiple countries
and various dairying systems on the poor agreement
between the proportion of the herd that the farmer
believes is lame and what a trained locomotion scorer
reports as lame (summarized in Fabian et al. (2014)
and Sadiq et al. (2019)). Thus, lack of acknowledg-
ment of the lameness problem by farmers appears
to be a universal issue for managing lameness. Until
these discrepancies are eliminated, or at least reduced,
then optimal lameness control is nearly impossible, as
the prompt identification and treatment of lameness
is critical to lameness control success (Alawneh et al.,
2012, Newsome et al., 2016, Pedersen and Wilson,
2021). Therefore, understanding and influencing bar-
riers to lameness control and motivations to control
lameness become an important piece of the lameness
puzzle (Sadiq et al., 2019, Biesheuvel et al., 2021).

Acknowledging that there is an issue with lameness,
or becoming more aware of lameness, on farm is criti-
cal to controlling lameness. In a multi-year random-
ized clinical trial, a reduction in farmer tolerance to a
lameness problem resulted in a reduction in lameness
prevalence over time (Leach et al., 2013). Therefore,
the key questions may be how this lameness tolerance
can be influenced. Lameness prevalence is reportedly
lower in pasture-based herds common in New Zealand
compared with cattle which are housed for some of the
year (Fabian et al., 2014, Griffiths et al., 2018, Browne
et al., 2022). However, anecdotally, New Zealand dairy
farmers still do report lameness as a concern, and
there are ranges of lameness incidence and prevalence
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reported on these units (Gibbs, 2010, Fabian et al.,
2014). Investigating farmer beliefs around lameness in
these pasture-grazing dairying systems may provide
valuable insight into lameness control on such farms.
Therefore, repeating a similar survey to that conducted
in the United Kingdom over 10 years prior (Leach et
al., 2010a, b) was of interest to identify barriers to and
motivators for lameness control.

In addition, previous analyses of such data have used
statistical techniques that may not be appropriate for
Likert scale data which is ordinal in nature. Previ-
ously both Pearson correlation (Leach et al., 2010b)
and Spearman’s rank correlation coefficients (Bruijnis
et al., 2013, Leach et al., 2013) have been used when
polychoric correlations may be more appropriate (Hol-
gado—Tello et al., 2010, Ekstrom, 2011), Furthermore,
previous studies have focused on correlations (Leach
et al., 2010a, b, Bruijnis et al., 2013) or thematics
(Croyle et al., 2019, Wynands et al., 2022) and have
not explored whether farmer beliefs and themes have
a predictive ability in regard to whether a farmer be-
lieves they have a lameness problem or whether they
have high lameness prevalence. Recent improvements
in machine learning techniques has made it possible
to produce quantitative inferences from qualitative
data (Harpe, 2015, Biesheuvel et al., 2021). If farmer
barriers to, and motivators for, lameness control can
be used to predict a farmer’s tolerance in relation to
lameness, this could significantly aid the development
of lameness control strategies (Main et al., 2012, Leach
et al., 2013). The application of quantitative methods
such as multiple factor analyses can also rank farmer
beliefs and thoughts, providing evidence-based control
priorities on farm (Abdi et al., 2013).

There were thus several objectives of this study.
First, to describe the relationship between whether
New Zealand dairy farmers believed lameness to be a
problem on the farm and lameness prevalence as evalu-
ated by a trained external observer. Second, investigate
the variables that motivate farmers to control lame-
ness, factors that farmers report as barriers to lameness
control variables and variables that they believe are
important consequences of lameness in grazed pasture
systems. Third, identify correlations between barriers,
motivators and impacts of lameness, and to investigate
underlying themes and sources of variance both within
and between the 3 groups of questions. And finally,
investigate if the themes identified in the farmers’
responses to barriers, motivations and importance
of lameness can be used to predict whether a farmer
believes they have a lameness problem, and whether
lameness prevalence is high.
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METHODS

The study was designed as a cross-sectional descrip-
tive study, with all procedures approved by Massey
University human ethics committee, application num-
ber 4000025095 and Massey University animal ethics
committee application number 22/36 and 21/55.

Farm enrolment

This study was part of a larger body of work inves-
tigating lameness prevalence and risk factors on New
Zealand dairy farms. A one-stage cluster sampling
method was performed, with a systematic randomiza-
tion sampling framework used to enrol farms. A total
of 120 pasture-grazing non-housed dairy farms across 8
major dairying territorial regions in New Zealand were
enrolled in a cross-sectional study, investigating lame-
ness prevalence over 2 time points across these farms.
Enrolment was carried out by local veterinary practices
within each region. Each practice listed their dairy
clients in alphabetical order, and excluded farms that
were greater than one hour drive away, or that were
known to have a parlor design that meant post-milking
lameness scoring was challenging. From the remaining
eligible population, 15 farm clients were then systemati-
cally randomly enrolled. To do this a random number
between 1 and 10 was generated in Microsoft Excel,
with this number used to select the first farm on the
list. Then every Nth farm (where n = Total number of
eligible farms/15) on the list was enrolled. No farmers
refused to be involved in the study.

The study was split into 2 years, with 60 North Is-
land farms in year one (2021/22 dairy season) and 60
South Island farms in year 2 (2022/23 dairy season).
Lameness score (LS) data collected were collected on
2 occasions from each farm, once between September—
November (peak-lactation, spring) and again between
January-March (mid-late lactation, summer).

Lameness scoring

Details on lameness score methods are described in
full in Mason et al. (submitted). In brief, all lactat-
ing animals present on the farm on each of the 2 visit
days were lameness scored by a trained observer using
a 4-point LS scale (0-3), adapted from DairyNZ Lame-
ness Scoring system (Supplementary Table 1). Animals
were scored immediately after milking while walking
on a flat concrete surface by trained and calibrated
observers (one observer for each region). This included
animals that had been previously identified as lame by
the farmer and had been placed into a separate herd at
the time of the lameness scoring visit. The prevalence
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of lameness at each visit was defined as the proportion
of animals with a LS >2.

Survey design

The full questionnaire consisted of an 11-question
survey, adapting that used by Leach et al. (2010a,
2010b) for New Zealand dairy farmers. Farmers were
asked to select one of 3 options on their perception
of lameness in the current milking season (June-May);
major problem, moderate problem and minor/not a
problem. Farmers then listed the sources from where
they get their advice about treating and/or preventing
lameness.

A total of 26 ordinal Likert-type items with 5 op-
tions ranging from not important at all to extremely
important were asked of the farmers, grouped under
3 questions: motivators for lameness control, barriers
to lameness control and impacts of lameness. The mo-
tivator grouping of questions (n = 7) revolved around
how important certain factors were in motivating them
to manage lameness. For barriers to lameness control,
farmers were asked how important certain factors were
at preventing them from controlling lameness on their
farm (n = 9 items). For impact-related questions (n =
10) farmers were asked to rank the importance of po-
tential problems arising from lame cattle on their farm.

Before release of the survey, draft versions of the sur-
vey questions were trialled on several veterinarians and
local dairy farmers (who were not eligible for the study)
to mitigate any areas of ambiguity.

The primary decision maker on each farm was se-
lected to respond to the survey — this could be the
owner, manager or share-milker, depending on the farm.
A share-milker is a dairy farmer that owns the dairy
cattle being milked and operates the farm on behalf of
the farm owner. They receive a percentage of the milk
income (most commonly 50%) and all money from the
sale of livestock.The LS data was not communicated
to the farmers until the completion of the study. The
survey was distributed to the farmers around the time
of their second LS visit. Three response methods were
implemented to attempt to maximize response rate;
first, the surveys were distributed to all 120 farmers
online via Survey Monkey® (California, USA). If they
had not responded via this method, each veterinary
clinic called the non-responders. Finally, surveys could
be answered in person on farm with the questions asked
by a veterinary clinic representative.

Statistical analysis

Statistical analysis was split into sections: first, the
relationship between farmer beliefs in relation to the
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lameness problem on their farms and lameness preva-
lence, and, second, the analysis of the association within
and between Likert-type items relating to barriers to
lameness control, impact of lameness, and motivations
to control lameness.

Descriptive statistics were tabulated and presented
for the number of responding farmers by geographi-
cal region and North and South Island. Boxplots and
unconditional linear regression were used to describe
the relationship between farmers’ belief of lameness
problem on farm and lameness prevalence. For statisti-
cal analyses, due to low numbers in the major prob-
lem group, farmers reporting lameness as major and
moderate problems were collapsed into one category,
resulting in farmers’ belief in regard to their lameness
problem becoming a binary variable. For the purpose of
this study, prevalence was reported as the mean value
of the 2 prevalence scores, and all subsequent mention
of lameness prevalence relates to this definition unless
stated otherwise. Before this, the lameness prevalence
at the first and second lameness score were compared
using a Wilcoxon rank sum test to identify if differences
existed between the 2 scores. Assumptions of normality
of residuals and heteroskedasticity were assessed graph-
ically, with transformation of non-normal variables and
variance weighting if heteroskedasticity was identified.
Bar graphs centered around the neutral response were
used to present the Likert items for the motivations,
barriers and lameness impacts.

The polychoric correlations between each of the 26
Likert items were calculated and presented with a cor-
relation matrix plot, with the size and direction of the
polychoric correlation coefficient represented by the
size and color of the circle in the plot (Supplementary
Figure 1).

Polychoric correlations between barriers, motivations
and lameness impacts, and underlying themes both
within and between the 3 groups of questions were as-
sessed using 2 methods. First, factor analysis (FA), and
then multiple factor analysis (MFA), accounting for the
grouping within the survey questions. The aim of FA is
to reduce several often highly correlated variables into
a smaller number of uncorrelated variables or dimen-
sions. In this way, FA can identify ‘latent’ factors that
the original variables are explaining (Yong and Pearce,
2013). Thus, in the current study, the aim was to re-
duce the 26 variables across the 3 groups into themes
or ‘factors’ that could explain most of the variation
in responses between farmers. The number of factors
identified was determined using the scree-plot, with all
further components removed after the plot of eigenval-
ue against components formed an “elbow.” Maximum
likelihood was then employed to determine the factors,
with varimax rotation used to minimize correlation be-
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tween the identified factors. Outputs are presented as
supplementary information, with the main purpose of
this analysis to produce predictor factors for the linear
discriminant analysis (LDA) described below.

Multiple factor analysis was used to stratify the factor
analysis by the question grouping. Thus, each group of
questions is equally weighted in regard to its influence
on the dimensions identified by the MFA. This method
reflects our a-priori grouping of the survey questions,
which may have resulted in farmers responding differ-
ently within each group of questions. It also gives us
information on correlations between the groups (i.e.,
barriers, motivations and impacts) allowing us to study
the links between these groups (Lé et al., 2008, Abdi
et al., 2013). A scree-plot was used to determine the
number of dimensions to include, as described above
under FA. The proportion of variation explained by the
3 groups for each dimension was calculated, as was the
correlation between the 3 groups and each dimension.
The coordinates for the first and second dimension
calculated during the MFA were plotted for both the
groups of questions and each individual Likert item,
colored by their grouping. The relative contribution to
the first and second dimension for each of the Likert
items was calculated, with the 5 variables that contrib-
uted the greatest amount of variation reported.

The last analysis used was LDA, a form of super-
vised learning used for class separation (classification).
We used LDA to investigate whether barriers, moti-
vators or impacts could be used to predict whether a
farmer believed they had a lameness problem (i.e., if
they responded they had a major or moderate problem
with lameness), and second, if they actually did have
a lameness problem based on locomotion scoring (i.e.,
their farm level prevalence exceeded the median for
this study). The factors identified in the FA were used
as the predictors for the LDA models. As there were
only 2 possible classifications for both outcome vari-
ables, only one linear dimension was produced for each
model. The eigenvector of the first linear discriminant
for each farmer was plotted in a boxplot, grouped by
the 2 outcomes. The predictive abilities of the models
were reported as 1) area under the curve of the poste-
rior probabilities of the LDA and 2) the accuracy at
correctly predicting based on a contingency table of
predicted and actual classification.

Missing data were imputed depending on the data
type by multiple imputation chained equations, pro-
vided that such data constituted less than 5% of a
variable. If more than 5% of data were missing from a
variable, then it was removed from any analysis. The
unit of interest for all analyses was the farm, with all
analyses and data manipulation undertaken using R
Version 4.2.3 (R Core Team, 2022; R Foundation for
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Statistical Computing, Vienna, Austria). Specific R
packages used for the analyses included FactoMineR
(Lé et al., 2008), missMDA (Husson et al., 2013), psych
(Revelle and Revelle, 2015), as well as the suite of pack-
ages contained within the Tidyverse (Wickham et al.,
2019).

RESULTS
Descriptive

Of the 120 enrolled farms, 101 responded to the sur-
vey. The median herd size was 430 (IQR 315 — 623)
cows, with the predominant breed on 47/101 farms a
Holstein-Friesian/Jersey cross; the predominant breed
on 38 farms was Holstein-Friesian and 15 farms was
Jersey. One hundred percent spring calving occurring
on 94/101 farms: the other 7 farms calved majority of
their cows in the spring and a minority in the autumn.
All farms continually managed cattle at pasture during
lactation and the dry period. Reasons for the 19 non-
responders were not formally collected, although lame-
ness prevalence was similar between the responders and
non-responders. Eighty-six percent of responses were
via the online survey method. The 101 participants
were located throughout the 8 dairying regions, with a
median of 14 farms per region (range 8 — 15). Only 8/15
Northland farmers that participated in the prevalence
study responded as a result of communication issues
when emailing the surveys out to farmers. All Likert
items had between one and 4 percent missingness, and
thus these missing data points were imputed before un-
dertaking analyses, with no variables removed. Median
lameness prevalence was 2.7% (IQR 1.6 — 4.2%), with
a range from 0.4% to 13.2%. The median farm-level
lameness prevalence at the first LS (spring) was 2.99
(IQR 1.36 — 4.73) and at the second score (summer)
was 2.57 (IQR 1.52 — 4.20), with no difference in the
median LS between the seasons identified (P = 0.50).

Median lameness prevalence versus farmer
perception of lameness problem

Of the respondents, 45/99 (46%; 95% CI 36 — 55%)
perceived lameness as minor/not a problem, with 40/99
(40%; 95% CI 31— 50%) perceiving it as a moderate
problem. Farmers who perceived lameness as a major
problem had a median lameness prevalence of 3.3%
across the 2 visits (range 1.1 to 13.2%; Figure 1). In
contrast, those that perceived lameness as minor/not
a problem had a median lameness prevalence of 2.3%
(range 0.5 to 8.9%).

Log-transformation of lameness prevalence data
resulted in normal distribution of the residuals as il-
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lustrated by a straight line QQ-plot. When back-trans-
formed, lameness prevalence was 0.80 (95% CI 0.61
— 1.04) % greater on farms where farmers perceived
lameness as a moderate or a major lameness problem
than on farms where they perceived lameness as a mi-
nor/not a problem.

Where farmers go to for lameness advice

Eight options were available for farmers to select
where they get advice on treating and preventing lame-
ness. The most frequent response was the veterinarian,
with 89% (89/101) of respondents noting that this was
where they got their lameness advice from (Table 1).
Their own ideas and other farmers were the second and
third most frequent source of lameness advice.

Barriers, motivators and impacts of lameness

The top 3 motivating factors for putting time and re-
sources into improving lameness were pride in a healthy
herd, feeling sorry for lame cows, and feeling guilty for
lame cows, with greater than 80% of farmers respond-
ing that these factors were very or extremely motivat-
ing (Figure 2). The importance of farm assurance plans
and wanting to do better than peers scored lower than
other factors, yet still over half of the farmers ranked
these as very or extremely important motivating fac-
tors.

The 3 barriers to management of lameness that farm-
ers ranked the most important were a lack of time,
lack of skilled labor and poor foot-crush facilities, how-
ever, 40% or fewer farmers ranked these are very or
extremely important (Figure 3). The least important
barriers to lameness control were solutions not afford-
able, conflicting advice and lack of information, with at
least 69% of respondents stating that these were either
slightly or not important barriers to lameness control
on their farm.

Most of the potential impacts of lameness were con-
sidered important to farmers overall, with the excep-
tion of the requirement for extra labor and the hassle of
another herd (Figure 4). All farmers ranked the impact
of lameness on the pain and suffering on the cow as very
(11%) or extremely (89%) important. Factors related to
the individual cow were generally ranked higher than
those that related to the farm or industry.

Relationships between lameness motivators,
barriers and impacts

With the grouping structure of farmer responses re-
lated to motivators, barriers and impacts of lameness
retained, MFA identified 3 dimensions that explained
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Figure 1. Boxplots of the lameness prevalence (mean of 2 scoring events), as defined by trained lameness scorers, grouped by the farmer
perception of lameness problem. The blue dots represent each farm within each farmer lameness perception category (n = 99 farmers across the

8 dairying regions in New Zealand)

53.5% of the total variance from the 26 Likert items.
The first dimension explained 27.5% of the variation,
the second dimension 17.5% and the third dimension
8.6%. The correlation plot of the first and second di-
mensions, illustrates that motivators and impacts both
contributed equally to the variance in both the first and
second dimension, indicating that these 2 groupings of
questions elicit similar responses by farmers (Figure 5;
Table 2). In other words, farmers that believed motiva-
tors for lameness control to be important also thought
that impacts of lameness were important. In the first

Table 1. Sources of advice for farmers on treating and/or preventing
lameness. Farmers could select as many options as applicable (n =
101)

Advice source Number of responses

dimension, motivators and impacts each contributed
46% of the variation, with correlations of 0.90 between
the motivators and the first dimension, and 0.91 for
impact and the first dimension, respectively. In con-
trast, the variance contribution that the grouping of
barrier Likert items provided suggests a different theme
to the other 2 groups of questions (Figure 5a). Barriers
contributed 8.2% of the variation of the first dimension
and had a correlation coefficient with the first dimen-
sion of 0.39.

All Likert items were positively correlated with each
other in the first dimension (Figure 5b). In the second
dimension, the barriers to lameness control variables
were negatively correlated with some, but not all, moti-
vators to control lameness. The coordinates were close
together for the first and second dimensions for all the
barrier items, indicating little variations in responses
by farmers for each of these Likert items. The 5 vari-

Veterinarian 89
Farmer’s own ideas 44
Other farmers 40
Hoof trimmer 34
DairyNZ 23
Nutritionist 12
Farm consultant 12
Other 13

ables that contributed the greatest amount of variation
across dimensions 1 and 2 were all motivators. Lame
cows losing money, good public image, losing farm
assurance plans, wanting to do better than peers and
pride in a healthy herd each explained between 4.8%
and 5.6% of the total variation in the first 2 dimen-
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sions. The remaining Likert items contributed between
2.2 and 4.7% of the variation.

Predicting lameness and lameness perception from
farmer themes

The screen-plot identified 4 factors that were respon-
sible for 63.3% of the variance in farmer responses to
the questionnaire (Table 3). The first factor explained
22% of the variance and was influenced by all the barri-
ers to lameness control with the addition of the impor-
tance of the requirement for extra labor that lameness
creates. The theme of this factor was thus defined as
lameness control barriers. The theme of factor 2 (which
explained 16% of the variance) was public perception
and challenges beyond the farm gate as the importance
of farm assurance, public perception and benchmark-
ing were the most influential variables in this factor.
Factor 3 (which explained 14% of the variance) was
related to cow welfare as the variables with the greatest
correlation weighting for this factor consisted of the im-
portance of lameness as a cause of pain and suffering as
well as both feeling guilty and sorry for lame cows as a
motivator for lameness control. The other key influenc-
ing variables for this factor were the impact of lameness
on reproduction and of the impact of lameness on body

Feeling sorry for lame cows 2%

Pride in a healthy herd 2%

condition. The final factor (which explained 11% of the
variance) had a theme of profitability as it was most
influenced by the importance of the impact of lameness
on profitability and on milk production.

These 4 factors were used as the predictors for the
LDA. The boxplots of the first linear discriminant show
clear overlap with outcome for both farmers’ belief of
lameness problem and for median lameness prevalence
(Figure 6). With farmers’ belief as the outcome, the
LDA had an accuracy of 0.59 (95% CI 0.49 — 0.69) and
an AUC of 0.69 (95% CI 0.59 — 0.80). With lameness
prevalence as the outcome (less than median vs greater
than median), the LDA had an accuracy of 0.53 (95%
CI 0.43 — 0.63), and AUC 0.58 (95% CI 0.49 — 0.72).

DISCUSSION

Despite lameness prevalence being much lower than
in most studies of lameness prevalence recently re-
viewed by Thomsen et al. (2023), many farmers in this
survey believed that lameness was a moderate or major
problem on their farm. Our data suggests that farm-
ers place different weightings on barriers to lameness
control compared with motivators for lameness control.
However, the importance that farmers place on barriers
to controlling lameness, motivators for lameness con-

95%

93%

1 —
m—
1] I —

Feeling guilty for lame cows 10% 84%
Good public image 9% D:l:l:l:_ 78%
Lame cows lose money 8% || | | I _ 78%
Could lose assurance plan 30% | | l I | _ 55%
Wanting to do better than peers ‘ 33% | | | | | - 53%
100 50 0 50 160
Percentage

Response D Not important at all D Slightly important D Moderately important D Very important . Extremely important

Figure 2. Likert items of farmer ranking the importance of each factor for motivating them to put time and resources into improving lame-
ness (n = 97 to 101). The percentages represent the proportion of respondents giving an answer of ‘not or slightly important’ (left axis) or ‘very

or extremely important’ (right-hand axis).
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Lack of time | 38% |

Lack of skilled labour 48% |

Poor foot-crush facilities 49% |

Unpopular task 51% |

Lack of labour | 55% |

Long time for improvements 70% | |
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Figure 3. Likert items of farmer ranking barriers that prevent farmers from managing lameness in an ideal way (n = 97 to 101). The per-
centages represent the proportion of respondents giving an answer of ‘not or slightly important’ (left axis) or ‘very or extremely important’

(right-hand axis).

trol and impacts of lameness are not good predictors of
farmers’ belief in regard to their lameness problem on
their farm, or actual lameness prevalence.

Forty 5 percent of farmers believed lameness to be a
moderate problem on their farm, and 40% minor/not a
problem. Very few believed lameness to be a major prob-
lem. In comparison, Leach et al. (2010a) reported that
33% of their UK respondents described their lameness
problem as minor, 56% as moderate and 11% as major,
suggesting that New Zealand farmers believe lameness
to be less of a problem than their United Kingdom
colleagues. However, these differences are relatively
small and in stark contrast with the median lameness
prevalence of the 2 studies, with Leach et al. (2010a)
reporting a median lameness prevalence of 36% (>10
times that of the current study). Furthermore, despite
the large difference in median prevalence, the relative
importance farmers placed on barriers and motivators
were similar to those reported by Leach et al. (2010a,
2010b). Thus despite vastly different dairy farming
systems, risk factors and baseline lameness prevalence,
there may be mutually beneficial international research
opportunities to assess lameness control strategies that
influence farmer behavior that could result in success
across different systems (Green et al., 2020).

Journal of Dairy Science Vol. TBC No. TBC, TBC

Dairy farmers have diverse awareness and perception
of lameness. While associations between farmer belief
of a lameness problem and true lameness prevalence
were reported in the current study, with less than 1%
predicted difference between farmers that perceived
lameness to be a problem or not, this association can
be considered biologically weak. Leach et al. (2010a)
reported a similar association. Furthermore, in both
the current study and Leach et al. (2010a), there were
farmers that believed they did not have a lameness
problem with a lameness prevalence in the top 5% of all
enrolled farmers, and conversely farmers that believed
they had a major lameness problem having lameness
prevalence in the bottom 5% of farmers. While aware-
ness of a disease problem alone is not usually enough
to motivate change (Ritter et al., 2017), it is still often
a prerequisite step in the process (Leach et al., 2013,
Ritter et al., 2017). Further research is required to
investigate how farmer perception of lameness can be
improved, in a country with a relatively low baseline of
lameness such as New Zealand.

A key finding of our study is that farmers do care
about the welfare of lame animals, with the most ex-
treme responses in both the motivation and importance
of lameness groupings of questions related to the pain
that lameness causes an animal. Similar themes have
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been expressed before, with the majority of Swiss
dairy farmers reporting that reducing lameness pain to
the lowest possible level was of ‘absolute’ importance
(Becker et al., 2013). Yet at the same time, farmers’ be-
liefs about the welfare of lame cattle was not associated
with intention to implement or the cost-effective nature
of the intervention (Bruijnis et al., 2013), nor the cost of
treatment deemed an important barrier in this current
study or from Swiss dairy farmers (Becker et al., 2013).
There is an apparent disconnect between dairy farmers
claiming to care about the welfare of lame cattle and
lack of appreciation by farmers of welfare implications
of lameness. This is further highlighted both with the
previously discussed large contrast between lameness
prevalence as determined by farmers and lameness
prevalence by trained lameness scorers, and also in the
lack of awareness by farmers regarding the need for
analgesia when confronted with extremely painful hoof
lesions such as sole ulcers (Becker et al., 2013).

The veterinarian was the primary source for lame-
ness treatment and prevention advice, with a propor-
tion greater than double the nearest advisory source in
this current study. The veterinarian was also the most
common source of advice for lameness control by UK
dairy farmers (Leach et al., 2010a). Veterinarians have
a unique role in their ability to influence dairy farmer

Pain and suffering for cow 0%
Poor repro performance 3%
Poor body condition 3%
Reduced milk production 4%

Reduced profitability of farm 3%

Poor public perception 1%

behavior with respect to animal health and welfare
(Biesheuvel et al., 2021). Similar to Swiss dairy farmers
(Becker et al., 2013), we report that cost of treatment of
lameness is not of major importance/concern for farm-
ers. Yet veterinary practitioners considered pain reduc-
tion to the lowest possible level less important than did
dairy farmers (Becker et al., 2013). The upside of all of
this is that these findings challenge animal health advi-
sors, particularly veterinarians, to improve their advice
for welfare control of lameness, and prejudices and
biases of what animal health advisors believe a farmer
will act upon should be left at the door. Jorritsma et al.
(2023) conclude that as most Dutch farmers report they
are aware of the importance of preventative lameness
measures, veterinarians may not need to spend time on
convincing farmers of the importance. However, there
remains ample opportunity for animal health advi-
sors, particularly veterinarians, to improve the welfare
of lame cattle by providing farmers with more tools
such as non-steroidal anti-inflammatory drugs and hoof
blocks, and educating farmers on the benefits of these
as well as implementation of strategies such as early
detection of lameness (Pedersen and Wilson, 2021).
There are also contradictory responses from farmers
with respect to the cost of lameness control. Over 80%
of surveyed UK farmers did not consider the afford-
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Figure 4. Likert items of farmer ranking of the importance of impacts of lameness on the cow, the farm and the industry (n = 97 to 101).
The percentages represent the proportion of respondents giving an answer of ‘not or slightly important’ (left axis) or ‘very or extremely impor-

tant’ (right-hand axis).
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Table 2. The contribution of variance and correlation of question groupings on the first three dimensions from a multiple factor analysis.
The three groupings of questions were barriers, impacts and motivators. The percentage of variation that they explained for each of the three
dimensions, respectively, and the correlation coefficient between each grouping and each dimension, are reported

Dimension 1

Dimension 2 Dimension 3

Contribution (%) Correlation Contribution (%) Correlation Contribution (%) Correlation
Barriers 8.2 0.39 71.3 0.90 6.9 0.30
Tmpacts 46.0" 0.91% 19.7 0.65 58.5 0.79
Motivators 45.8 0.90 9.0 0.41 34.6 0.59

Tmpacts of lameness contributed 46% of total variation for the first dimension.
“Impacts of lameness and motivators had very strong polychoric correlation coefficient (0.90 and 0.91, respectively) with the first dimension.

ability of control solutions to be an important barrier
for lameness control (Leach et al., 2010a), similar to the
78% in this current survey. Yet in the same survey, the
UK farmers were asked whether they implemented new
control ideas they had sought advice for. Only 21% of
farmers that had searched out lameness control advice
implemented all of the lameness control suggestions,
with the most common reason for not implementing
the control measures being cost. While we did not ask
farmers if they implemented control plans in the cur-
rent survey, given their similar responses for barriers
and motivators, there is no reason to believe this to be
any different in New Zealand. This may be in part a
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function of dairy farmers already believing they have
done enough to control lameness (Bruijnis et al., 2013).

This study reports on how farmer beliefs could influ-
ence lameness outcomes, but not how we can predict
farmer behavior, nor explicitly assess the decision-mak-
ing process for lameness control. It is one thing for a
farmer to claim an intention to change, but something
quite different to act on it (Biesheuvel et al., 2021).
There may be opportunities for animal health advisors
and farmers to think laterally to address some of the
barriers identified. For example, in this current study,
the authors were surprised to find farmers did not be-
lieve that needing extra labor was an important barrier
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Figure 5. First and second dimensions from a multiple factor analysis of the barriers, impact and motivators for lameness control as reported
by New Zealand dairy farmers (n = 101) for a) the grouping of questions of barriers, motivators and impacts and b) the 26 Likert items, colored
by barrier, motivators and impacts of lameness. The x and y-axis of both plots are the squared correlation coefficient and represent respectively
the proportion of variation explained for the first and second dimensions.
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to lameness control. With the low lameness detection
risk ubiquitous among dairy farmers, one way to ad-
dress low detection would be via the addition of extra
labor dedicated to the task of detecting and treating
lameness, even in the form of external hoof trimmers
or veterinarians. Lack of time was the most important
barrier in our study, and moderate correlation existed
between time and labor, preventing farmers from
controlling lameness (rho = 0.68). Lack of time was
reported as the biggest barrier for lameness control by
UK dairy farmers (Leach et al., 2010a) and the most
needed resource for claw health by Dutch dairy farm-
ers (Jorritsma et al., 2023). Furthermore, a prospec-
tive study identified that farmers who placed time as
a significant barrier to lameness control were able to
reduce lameness to a greater extent than those where
time was not an important barrier to lameness control
(Leach et al., 2013). So, while farmers may not see the
lack of labor as a major barrier, the provision of extra
labor may address what they saw as the biggest barrier
to lameness control, a lack of time.

The latent factors influencing what farmers perceive
as barriers to lameness control on farm were different
to the factors that influence farmers’ motivation to
control lameness. This was irrespective of the farmers’
perception of the lameness problem and of the true sta-
tus of lameness on farm. This makes interpretation of

farmers’ responses challenging. Although barriers and
motivators were not directly compared in Leach et al.
(2010a, 2010b) and reported in separate manuscripts,
the overarching themes of the barriers and motiva-
tions between UK and NZ dairy farmers were similar.
There were few factors that UK farmers identified as
important barriers to lameness control, yet at the same
time, the majority of the factors influencing their mo-
tivation were considered very important. It is possible
farmers in these types of surveys are responding with
what they believe the survey authors and society are
wanting to hear — that they are motivated to control
lameness, and that there are no major factors prevent-
ing them for controlling lameness. This phenomenon,
known as social desirability bias (Grimm, 2010), is well
documented when the public are surveyed on animal
welfare issues (Lusk and Norwood, 2010, Lai et al.,
2022), and the authors hypothesize that similar biases
may be present in this current study. This phenomenon
may have been less of an issue in the farmers enrolled
in Leach et al. (2010a, 2010b) as they were enrolled into
an intervention study, in contrast to the current study,
where farms were enrolled in a monitoring study with
no goal of direct improvement in their farms lameness
prevalence. These differences in study objectives may
have resulted in different answers from farmers, with
those agreeing to be involved in an intervention study

Table 3. Polychoric correlation matrix of 26 Likert items on lameness barriers (B), impacts (I) and motivators
(M), on the first four factors identified from a factor analysis. Values are in bold when polychoric correlation
coefficients for that factor were >0.6, and represent Likert-items that are explaining a significant proportion of

the latent theme of that particular factor

Variable Factor 1 Factor 2 Factor 3 Factor 4
Labour (B) 0.735 0.271

Skilled labor (B) 0.709 0.106

Time (B) 0.720 ~0.145
Facilities (B) 0.604 —0.180
Not affordable (B) 0.666

Unpopular task (B) 0.725 —0.103 0.101
Conlflicting advice (B) 0.822 —0.147 0.116
Long time (B) 0.768 0.173
Knowledge (B) 0.879

Pain (I) —0.135 0.173 0.933 0.202
Profit (I) 0.250 0.338 0.799
Milk production (I) 0.158 0.433 0.884
Reproduction (I) 0.108 0.637 0.467
Body condition (I) 0.238 0.753 0.324
Farm assurance (I) 0.826

Public perception (I) 0.704 0.289

Treatment cost (I) 0.317 0.382 0.160 0.454
Extra labor (I) 0.639 0.306 0.267
Lame herd (I) 0.367 0.126 0.136 0.355
Pride (M) —0.126 0.330 0.654 0.140
Sorry for lame (M) 0.284 0.665 0.100
Guilty for lame (M) 0.221 0.470 0.452 0.164
Money (M) 0.508 0.329 0.590
Public image (M) 0.698 0.321 0.175
Farm assurance (M) 0.143 0.913 0.148 0.166
Benchmarking (M) 0.193 0.671 0.296 0.198

Journal of Dairy Science Vol. TBC No. TBC, TBC

10/



7. Farmers’ barriers

Mason et al.: Can lameness prevalence...

Table 4. Themes from the four factors, ordered from factor explaining greatest to least % of variation

Variance %

Cumulative Variance %

Factor 1 — “barriers”

Factor 2 — “public perception”
Factor 3 — “cow welfare”
Factor 4 — “profitability”

22.1 22.1
16.0 38.1
14.3 52.4
10.8 63.3

potentially more likely to provide a more honest re-
sponse. Further targeted interviewing of farmers using
strategies such as forced-choice items is warranted to
investigate the impact of social desirability bias directly
(Nederhof, 1985).

Another limitation of the study was the possible
ambiguity with some of the questions. For example,
“preventing you from being able to manage lameness”
could be interpreted by some farmers to be related to
managing lameness that is already present, with other
farmers interpreting this as relating to all components
of lameness control. We do not know how this may have
biased the study, although it is possible that this could
have accounted for the range of responses from farmers
for time and skilled labor. However, as the rankings for
the lameness barriers were similar to that reported by
UK dairy farmers (Leach et al., 2010a), we have no rea-
son to believe that this is an important source of bias.

This study reports for the first time that the barriers
and motivators to lameness control that farmers report
have very little predictive ability at detecting whether a
farmer perceived lameness to be a problem, or whether

true lameness prevalence was high on their farm. The
4 main factors identified in the factor analysis resulted
in a predictive accuracy not much greater than a 50:50
guess on whether farmers believed they had a lame-
ness problem or not, or the true status of the lameness
problem. To be of any practical use, the authors would
have liked to have seen accuracy of at least 0.80. Thus,
the value of the theory of planned behavior (Biesheuvel
et al., 2021), as used in the current study, to directly
assess lameness control in dairy cattle is questionable.
Researchers are encouraged to investigate further theo-
retical frameworks designed to elicit sociological themes
(Biesheuvel et al., 2021), such as the COM-B models,
or transtheoretical models, investigated by Jorritsma et
al. (2023) or changes in the methods of delivery such as
focus groups involving various stakeholders (Wynands
et al., 2022).

Evidence-based scientific advice does have the poten-
tial to reduce lameness prevalence, but for sustained and
widespread reductions in lameness prevalence, changes
in farmer behavior and multi-party engagement are re-
quired (Wynands et al., 2022). A great practical success

N
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First linear discriminant
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First linear discriminant

Moderate/major problem Not a problem/minor problem
Farmer's belief of lameness problem

High Low

Prevalence

Figure 6. Boxplots of the discriminant function from 2 linear discriminant analyses, a) Farmer perception of lameness, and b) Lameness
prevalence above (high) and below (low) the median lameness prevalence, from 4 latent factors produced by a factor analysis from 26 Likert
items on lameness barriers, impacts and motivators. A good class prediction should result in little overlap between the linear discriminants

between the 2 classes.
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story is footrot in sheep in the United Kingdom (Green
et al., 2020). The use of systemic antibiotics, instead of
foot-trimming, for the treatment of footrot in sheep has
demonstrated significant improvements in the recovery
risk of these animals to such an extent that the global
burden of the disease would be substantially reduced
if implemented routinely (Kaler et al., 2010). While
lameness prevalence in sheep declined somewhat from
2004 to 2013, since ‘best-practice’ recommendations of
prompt appropriate treatment of cases, the majority of
the UK sheep farmer population were still not following
best-practice (Winter et al., 2015). The behavior shift
has come more recently, following targeted extension
of the evidence. In response to education, training and
one-on-one discussions of the evidence, both veterinar-
ians (Higgins et al., 2013) and farmers (Green et al.,
2020) shifted their beliefs on appropriate footrot con-
trol strategies. Critically, sheep farmers in Green et al.
(2020) initially saw time and money as one of the major
barriers to implementing changes into their system to
control footrot. Yet after one-on-one discussions around
the current best-practice in footrot control, cost and
time became a major driver of change (Green et al.,
2020). If it is possible to change the behavior of sheep
farmers from a method that historically been seen as
‘good’ (hoof trimming; (Green et al., 2020)) resulting in
reductions in the prevalence of footrot on farms, then
there is promise that similar approaches can be success-
ful for dairy cattle lameness control.

We conclude that New Zealand dairy farmers do care
about the welfare of lame cattle, despite considerably
lower lameness prevalence compared with their coun-
terparts in the United Kingdom, and that they do have
strong beliefs on the welfare implications of lameness
for their cows. The latent themes expressed by farmers
on their barriers appear different to those expressed by
farmers on their motivators for lameness control. These
themes were not able to predict the prevalence of lame-
ness on the days of measurement of the herd nor farmer
perception of lameness.
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Supplementary Table 1. Lameness scoring descriptors used in a cross-sectional observational study
investigating farmer motivators and barriers to lameness control (adapted from DairyNZ Lameness Scoring
system)

Lameness
Score
Descriptor
0 Walks with even weight bearing on all 4 limbs at a similar walking speed to a person, with regular stride

length and rhythm. Straight back line at all times and head held in line or slightly below the backline and
steady when walking

1 Walks unevenly but reduced weight-bearing on affected limb not easily obvious. May have uneven stride
length and/or rhythm. Backline straight when standing but may be mildly arched when walking.

2 Lame, with decreased stride length on affected limb. Weight bearing reduced on affected limb which can
easily be identified. Walking speed slower than normal. Backline often arched when standing and walking
and head bobs up and down when walking

3 Severely lame, with minimal or no weight bearing on affected limb. Reluctant to move and cannot keep up
with the healthy herd. Backline arched when standing and walking and often large head movements up and
down when walking.
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7. Farmers’ barriers

Supplementary Figure 1. Polychoric correlation matrix of 26 Likert items on lameness barriers (B),
impacts (1) and motivators (M), with the direction and scale of the correlations represented by the color
(blue positively correlated, red negatively correlated) and the size (the larger, the stronger the correlation)
of the circle.
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8. Conclusions

8.1 Introduction

Lameness remains one of the biggest animal health challenges that dairy farmers face internationally.
Lameness not only results in significant reduction in the lifetime productivity of an animal (Huxley 2013)
and animal welfare concerns (Whay and Shearer 2017), it also negatively impacts greenhouse gas emissions
(Mostert et al. 2018) and is one of the key challenges to the social license to operate a dairy business
(Hampton et al. 2020). Furthermore, the unacceptably high prevalence (Thomsen et al. 2023) and incidence
(Afonso et al. 2020) of lameness reported globally create a strong argument for dairy cattle lameness to be

the most important animal health disease of dairy cattle.

Throughout this project, there has been an unrelenting New Zealand-centric focus to the research. This is
important due to the unique management systems in New Zealand and different infection pressures. For
example, digital dermatitis is one the most important causes of lameness in dairy cattle worldwide (Bicalho
and Oikonomou 2013). Despite New Zealand reporting digital dermatitis lesions on farms across many
regions in New Zealand (Yang et al. 2017), clinical lameness due to digital dermatitis is very rare (Yang et
al. 2018). Thus, lameness management policies for digital dermatitis currently have little impact on reducing
lameness in New Zealand. New Zealand dairy cows also spend almost 100% of their lives at pasture, a
phenomenon that is rare internationally. Even in many ‘pasture-grazed’ systems, dairy cows still spend a
portion of the year housed (O’Connor et al. 2020; Browne et al. 2022). As housing management is one of
the most important risk factors for lameness (Cook and Nordlund 2009; Beaver et al. 2021), it is not
surprising that much of the international lameness research on the pathogenesis of claw-horn lesions focuses
on housing management. These housing-focused control plans have little relevance to control of lameness

in New Zealand.

Lameness is a multi-factorial disease, usually requiring risk factors from at least two of cow, environment
and management to result in lameness (Figure 8.1). An example of this is the calving effect, the process of

weakening of the connective tissue that holds the pedal bone in situ within the hoof capsule around calving
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(Tarlton et al. 2002; Knott et al. 2007). This phenomenon happens in both beef cows and dairy cows, and in
both housed cows and pasture-based cows. Yet the lameness prevalence and incidence are vastly different

between these groups of animals that all undergo the component cause of calving.

Cow
Calving
BCS
Genetics & breeding

. Management
Environment

Wet weather Stack handling (use of backing
gates, pressure on lanes etc)
Infrastructure (lane
and track maintenance;

feedpads, underpasses etc) Walking distances/reduced lying times

Time on yards

Hygiene Previous lameness treatment

Figure 8.1 Venn diagram of the relationship between environment, cow and management as causal components of dairy cattle
lameness. Used with permission from DairyNZ Healthy Hoof Preventing and Managing Lameness

Thus, the sufficient and necessary causes of lameness in New Zealand dairy cattle are different to many of
those reported overseas. We, therefore, require New Zealand focused lameness research in order to identify,

address and start to provide solutions for dairy cattle lameness in New Zealand.

The New Zealand dairy industry prides itself on promoting a welfare-friendly pasture-based farming system.

Whilst the perception of the welfare on pasture-based New Zealand dairy farms from an international lens
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remains predominantly positive (Webster et al. 2015; Mee and Boyle 2020), recent welfare grading from
international standards have seen a reduction in welfare scores. An animal protection grade of A was given
to New Zealand by World Animal Protection in 2014

(https://www.worldanimalprotection.org.nz/news/new-global-index-shows-new-zealand-world-leader-

animal-welfare), yet more recently in 2020 was given a grade of C from the same organisation

(https://api.worldanimalprotection.org/country/new-zealand). This decrease in score is unlikely the result of

deteriorating welfare metrics, but rather a change in focus from regulation to application of improving
wellbeing. One of the inferences from these changing grades is that New Zealand needs to demonstrate
welfare outcomes to international partners. Thus, in order to maintain the social license to dairy farm, and
for the New Zealand dairy industry to prove that it is ‘world leading in animal care’ (Dairy Tomorrow

strategy; https://www.dairytomorrow.co.nz/strategy/animal-care/), we need data to back up these statements.

The three over-arching goals of this project were:

1) to identify the current burden of lameness in New Zealand dairy cattle,
2) improve the treatment of claw-horn lameness and

3) provide information on ways to prevent new cases of lameness.

To achieve these goals, the project was broken down into six specific objectives. These are described below

and make up the individual chapters and manuscripts for the thesis (with associated goal in parentheses):

1) Define the prevalence of lameness in New Zealand dairy cattle (Goal 1)

2) ldentify farm-level risk factors for lameness in New Zealand dairy cattle (Goal 3)

3) Define the duration of lameness after best-practice treatment of claw-horn lameness (Goal 1 and 2)

4) Review the literature on the use of NSAID for cattle lameness treatment (Goal 2)

5) Investigate a practical lameness prevention method involving conditioning of heifers’ hooves prior
to calving (Goal 3)

6) ldentify farmer barriers and motivators to lameness control (Goal 3)
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The aims of this summary chapter are to review and comment on the six manuscripts produced as part of
this thesis, to provide a coherent framework for the project and to provide my thoughts on the most important

findings and areas to investigate next.

8.2 Prevalence of lameness

In order to fix a problem, first the problem must be defined and described. Quantifying lameness can be
achieved by either describing the incidence risk (the number of cows or cases of a given length of time) or
the prevalence (the number of cows on a given day). Data on either incidence or prevalence of dairy cattle
lameness within New Zealand prior to this study were sparce. The monthly and yearly incidence risk of 43
Canterbury farms in 2005/06 season have been reported (Gibbs 2010), but that remains the only prospective
incidence study reported over the past 30 years in New Zealand. Farmer-reporting of lameness cases is
sporadic (Chawala et al. 2013) and New Zealand farmers have a poor understanding of the true prevalence
of lameness (Fabian et al. 2014). Thus, even if farmers reported all of the cases they identified and treated,
this incidence measure would likely be an underestimate of the true status. Due to these issues and the
logistical challenges of collecting incidence data over a large number of farms across New Zealand, lameness
prevalence instead was decided as the metric that would be reported to define the lameness problem. This is

in line with the primary lameness metric used internationally (Afonso et al. 2020; Thomsen et al. 2023).

The only previous multi-farm lameness prevalence work in New Zealand was a 2011 study of lameness
prevalence from 58 New Zealand farms, reporting a median farm-level lameness prevalence of 6.7% (farm
range from 1.2 - 36.0%) (Fabian et al. 2014). Whilst this was a well conducted study, the external validity
of the estimates to extrapolate to all of New Zealand is likely biased as the enrolled farms were convenience

sampled and only from a few regions of New Zealand.
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To obtain an unbiased estimate of New Zealand, it was critical that farms across the nation were represented,
and that the selection process was randomised. Protected data exists from disease auditing programmes such
as Welfarm from a large number of New Zealand farms. However, these farms voluntarily sign up to these
programmes and are potentially a biased population of farms. In this project, farms were randomly selected
from eight major dairy regions. We were pleased to report that not a single farmer declined to be involved
in the study. This was unexpected but provides confidence that farmers do really want to know the lameness
status of their herd. If a practical, cost-effective solution for lameness detection can be produced, then this

response gives confidence that many New Zealand farmers may take advantage of it.

It can now be reported that New Zealand dairy cattle have some of the lowest lameness prevalence anywhere
in the world, and that prevalence may even be decreasing. The median farm-level prevalence of 2.8% from
120 farms is significantly lower than the 6.7% reported by Fabian et al. (2014). We would like to see the
DairyNZ Health Hoof documentation updated to a median of 2.8% (currently at 8.1%), and to seek help if
above 4.5% (currently at 10%), to give farmers and animal health advisors more realistic and relevant

information on expected lameness prevalence data.

One of the major aims of the prevalence study was to provide benchmarking metrics for the New Zealand
dairy industry. Whilst we achieved the goal of updating the prevalence of lameness across New Zealand, we
also unearthed data that question the value of sporadic lameness prevalence scores of farms to identify farms
with large lameness problems at any given time. The range between farms was not unexpected, with a
sigmoid curve of prevalence apparent where the best and worst 10% of farms were considerably removed
from the median farm. This is a common finding in animal disease prevalence studies and has been reported
in New Zealand previously for cattle diseases and outcomes (Cuttance et al. 2017a; Cuttance et al. 2017b).
However, we also reported a very large range of differences in prevalence between the two scores within the
same farm. The difference in lameness prevalence between spring and summer ranged from a 12.3%
reduction in lameness prevalence to a 7.6% increase. These farms were not provided data on their prevalence

result during the study, and no advice was given from the study personnel on managing lameness. Therefore,
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it is unlikely that being involved in this study altered their behaviour. Most farms that were above 4.5%
lameness prevalence at one score were unlikely to be above 4.5% at another score, questioning the value of
a one-off prevalence as an audit to identify farms with lameness problems. This is a sentiment that has been

echoed in the United Kingdom (Archer et al. 2010).

Instead, | recommend that the NZ dairy industry communicates the value of LS in two different areas. Firstly,
automated repeated real-time lameness monitoring needs to be considered as a critical part of the future
success of lameness control programmes (Alsaaod et al. 2019; O'Leary et al. 2020). Whilst there are still
practical considerations and solutions needed, on-farm technology is undergoing a rapid uptake on New
Zealand dairy farms, particularly in the South Island (Dela Rue et al. 2020). Automated lameness detection
systems offer the panacea of lameness detection solutions, whereby real-time prevalence and incidence
measures within farm and between farm can be reported, individual lame animals can be identified early and
then drafted for treatment, response to lameness treatment tracked and metrics provided on the success of a
control plan. However, investment in these technologies, and their practical implementation will require

multi-party involvement.

Secondly, the industry could promote lameness scoring as a method to identify and treat lame animals, rather
than an auditing tool. The main purpose of lameness scoring has historically been for auditing and monitoring
purposes, both internationally and locally, with very little uptake by farmers. Only one of 99 Irish farmers
reported that they undertook lameness scoring on their farm (Browne et al. 2022), and we report over three
quarters of the 119 in this project did not have any formal dedicated lameness identification systems in place
on farm. Without formal systems in place, the evidence is clear that farmers do not identify the majority of
lame animals on a given day compared to a trained observer (Sadiq et al. 2019). This association is as
apparent in New Zealand as anywhere else, where on a given day, farmers identified a median of 27% of
lame animals as defined by a trained observer (Fabian et al. 2014) and took a median of almost three weeks

to identify lame animals (Alawneh et al. 2012). There is no evidence that pasture-based farmers (Fabian et
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al. 2014; Bran et al. 2018; Beggs et al. 2019; Ranjbar et al. 2020) are any better at identifying lame animals

than farmers in housed systems (Espejo et al. 2006; Leach et al. 2010; Cutler et al. 2017).

The message is clear that formal lameness identification is required to be able to identify lame cows early.
However, the goals for achieving this need to be acknowledged and addressed, and the farmer and cow need
to be front-of-mind when these tools are being suggested and implemented. Merely recommending these
tools are used is not sufficient, as this does not consider the most important barrier to lameness control,
farmer time (Mason et al., submitted) For dedicated lameness identification to be considered a success, a
farmer only needs to identify more lame animals than they currently are. Thus, the low-hanging fruit for
improving lameness management in New Zealand is to encourage farmers to do any lameness scoring, even

if it is just, for example, half of the herd once a month.

Much is made of the seasonality of lameness, and in the authors experience, is an oft-use excuse for an
increase in lameness - “T always get lameness in October, there is nothing I can do about it” (Waikato dairy
farmer, anonymous, personal communication). However, the evidence for seasonality is weak. Gibbs (2010)
reported an increase in farmer-reported lameness incidence in January (mid-late lactation, summer)
compared to other months. However, the difference between the incidence risk between months was not
large, and the farms were located entirely within the Canterbury region of NZ. Lawrence et al. (2011)
reported a peak in October (peak lactation, spring), although this was from a case series of cows treated by
a veterinarian, with no denominator, entirely within one region of New Zealand. This is not strong data that
a seasonal pattern exists, with no data comparing lameness between seasons across New Zealand available

prior to the work conducted in this current project.

Seasonality has been reported in other ‘pasture-based’ systems, such as Ireland and England (Laven and
Lawrence 2006; O’Connor et al. 2020; Browne et al. 2022). However, these systems also include a period
of housing, with seasonality strongly confounded by the period of housing. Thus, in these systems,
seasonality of lameness is understandable. In New Zealand, season is confounded by stage of lactation,

where although the majority of cows are managed on pasture over the winter, most of these are not lactating.
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Although we reported an interaction between season and region, this was not as simple as North Island farms
peaking in spring and South Island farms peaking in summer/autumn, as previously mooted. When
comparing the change in lameness prevalence between two lameness scores carried out in spring and summer
on the 120 enrolled farms, there was little difference in the LS within farm on the majority of these farms.
Thus, there are clearly many more factors beyond ‘season’ that are influencing lameness, and suggestion
that lameness peaks at certain times in some regions and different times in other regions is too simplistic and

not a useful narrative for controlling lameness in New Zealand.

Finally, the prevalence estimates are only a snapshot in time, and like any good disease monitoring metric,
these values should be updated as more information becomes available. We propose that the best use of these
lameness prevalence estimates is to challenge veterinarians and farmers to understand the lameness situation
on individual farms. We can say with confidence that the overall New Zealand lameness prevalence is low,
but an individual farm could be between 0% and 17%, with little predictive ability by farmers to understand
the true status on their farm (Mason et al., submitted). And even if a farm has the 'average' lameness
prevalence of ~3%, we should be asking the question to a farmer "would you be happy with 3% of your herd
lame on any given day across the year?". | would suggest that if the disease in question was mastitis, farmers
would both not be happy with the prevalence and also know their current mastitis prevalence. With lameness,
the majority of New Zealand dairy farmers do not know the true lameness status on farm. Knowing
prevalence and incidence of disease is a critical first step at controlling a disease. Thus, our biggest hurdle,
and also our biggest opportunity, is to increase awareness and monitoring of lameness on New Zealand dairy

farms.
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8.3 Duration of Lameness

From an epidemiological perspective, prevalence, incidence rate and duration of disease are inherently
related; incidence rate is the product of prevalence and duration. Therefore, if duration of lameness can be
reduced, then the prevalence of lameness will reduce. There is also data suggesting that a reduced duration
of lameness could be associated with a reduction in incidence rate. In fact, a previous case of lameness has
been reported to be the single biggest predictor of a future case of lameness (Newsome et al. 2016; Mason
2017; Randall et al. 2018). A “get lame-stay lame” hypothesis has also been proposed in the USA (Cook
and Nordlund 2009). Claw-horn lameness is associated with exostosis of the weight-bearing plantar surfaces
of the pedal bone, and that this is associated with increased risk of future lameness (Newsome et al. 2016;
Figure 8.2). Thus, appropriate treatment of lameness can become a preventative measure (Pedersen and

Wilson 2021).
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Figure 8.2 Proposed pathogenesis of claw-horn lameness in dairy cattle (Newsome et al. 2016). Used with permission

We reported rapid cure rates from 241 lame cows across five farms, with a median of 18 days taken from
enrolment to become sound and a median of seven days to become non-lame (Mason et al. 2023). It is
important to stress that whilst Mason et al. (2023) provided free veterinary treatment of lame animals, no
advice or assistance in identifying lame animals was provided. The authors could not identify more rapid
cure rates of lameness in controlled studies anywhere in the world, even when lame animals were identified
promptly (Thomas et al. 2015; Miguel-Pacheco et al. 2017). Between 24 - 55% of animals had lameness
score = 0 at 35 days post treatment in Thomas et al. (2015); in comparison, 90% of animals in our study had
a lameness score = 0 at 35 days. We also reported a difference in the hazard of cure between farms. As the
treatment and enrolment were the same between farms, we infer this farm difference may be due to the

farmer identification of lameness and previous lameness history.
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Acknowledging the external validity limitations of lameness cure rates from just five farms within the
Waikato, we can still be confident that due to high internal validity of the study that these cure rates are ‘real’
and possible on New Zealand farms. From our findings, we propose that if an animal is still lame (LS > 2)
for greater than one week after, then it should be re-examined by the farmer or, ideally, a veterinarian.
Furthermore, if more than 50% of animals are still lame after seven days post treatment on a farm, then this
can be used as a guide to suggest improvements in the identification, treatment and/or recovery management

of lame cattle.

These rapid cure rates also provide further evidence that managing lame cows on pasture is beneficial for
hoof health, and this short duration of lameness is certainly responsible for at least part of the low prevalence
of lameness we reported (Mason et al, submitted). In order to maintain, and even reduce lameness prevalence,
emphasis should be placed on the recovery management of lame cows, with farmers, in consultation with
their veterinarians, producing lameness recovery protocols. Next steps could also include conducting clinical
trials or observational studies on the benefits and costs of commonly implemented control strategies, such
as milking once-a-day and running designated lame herds, and their associations with lameness outcomes

and farm efficiency.

8.4 Farm-level risk factors and treatment protocols for lameness

DairyNZ, the New Zealand dairy farmers levy board, have produced an excellent lameness management

program, The Healthy Hoof programme (https://www.dairynz.co.nz/animal/cow-health/lameness/healthy-

hoof/, accessed 12 August 2023). The Healthy Hoof programme involves a training and certification
component, as well as resources on treatment and prevention of lameness. However, the update of the
programme has been limited (Katie Saunders, pers. Comm) and the recommendations provided in the

resources are primarily based on expert opinion, rather than empirical evidence. Thus, investment into
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identifying more risk factors that can be manipulated to reduce the prevalence and incidence of lameness on

New Zealand dairy farms is critical.

We identified strong associations for the odds of lameness with the use of a concrete stand-off pad and season
of peak lameness. In 100% of samples, the risk of lameness increased on farms that used concrete stand-off
pads during periods of inclement weather, with a most likely value of an increase in odds of lameness by
49%. The code of dairy cattle welfare has acknowledged the welfare concern that standing cows off on
concrete has by updating Minimum Standards 9: “where dairy cattle are kept in off-paddock facilities for
more than 16 hours a day for more than three consecutive days they must be provided with a well-drained
lying area with a compressible soft surface or bedding that is maintained to avoid manure accumulation,
and artificial or natural shelter or other means of minimising the effects of exposure to the weather ” (Code
of Welfare Dairy Cattle; https://www.mpi.govt.nz/dmsdocument/46024-Code-of-Welfare-Dairy-cattle

accessed 12 August 2023).

Although this is an acknowledgement that the use of concrete stand-off pads limits the natural behaviours of
dairy cattle, and results in negative animal wellbeing, we believe that the update to the minimum standards
does not go far enough. If it is a standard farm practice to stand cows off during period of inclement weather,
then the farm should provide a surface that can satisfy their natural need to lie down (Webster et al. 2015).
Concrete stand-off pads should not be used for any longer than six hours, over a 24-hour period, if at all.
Practical, effective and cost-conscious options exist, including wood-chips and rubber matting (Schiitz and
Cox 2014; Webster et al. 2015), and this should be discussed and encouraged to all farms that regularly use

stand-off pads as part of pasture management.

In my study (Mason et al., submitted), over three quarters of farmers reported they had some form of
lameness control plan. However, most of the answers to the text portion of this question suggested that the
plans they had in place were informal guidelines on how to handle lame cattle. Thus, the proportion of
farmers that had formal lameness management plan was likely much lower, and likely similar to, or lower

than, the 15% of Irish dairy farmers who had a herd-health plan that included lameness (Browne et al. 2022a).
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In addition, only 23% of farmers in Mason et al. (submitted) reported they used formal lameness
identification methods on farm (either lameness scoring and/or precision livestock technology). These two
points alone provide ample opportunity to farmers and veterinarians. One of the major advances in disease
prevention on dairy farms has been the development of farm-specific disease control plans (LeBlanc et al.
2006). The creation of farm-specific lameness control plans, complete with farmer goals and targets, should
be the first step of all lameness control programmes, and is applicable whether a farm does or doesn’t have
a lameness problem (Figure 8.3). As the primary source of advice for lameness management, veterinarians

are in the ideal position to be initiating this service for all of their dairy farming clients.

The Health Management Cycle

Set goals

!

Assess and monitor ‘
current status
Make decisions
develop plans
~aiesseeeee Take actions

Performance
outcomes

Effects of other factors

Figure 8.3 The health management cycle proposed by LeBlanc et al. (2006), illustrating the conceptual framework by which
monitoring and continued improvement of specific management areas on a dairy farm — this is pertinent to lameness control.

Finally, despite identifying clear areas of improvement that can be implemented on NZ dairy farms, we
acknowledge that the majority of the variance in lameness prevalence between farms was not explained.
Thus, until we are able to explain where this variation can be partitioned to, we hypothesise that an area with
likely a bigger ‘bang-for-your-buck’ will be to improve the identification and treatment of lame cattle

(Pedersen and Wilson 2021).
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8.5 Review of NSAID treatment as part of lameness treatment

Up until the early 2010s, there was a critical lack of high quality scientific evidence for the treatment of
claw-horn lameness (Potterton et al. 2012), and the aetiology of the majority of lameness cases in New
Zealand (Lawrence et al. 2011; Mason et al. 2023). Over the past decade, this has been addressed, at least
in part, by several research groups investing significant resources into the pathogenesis and treatment of

claw-horn lameness (Thomas et al. 2015; Newsome et al. 2016; Sadiq et al. 2022; Wilson et al. 2022).

One of the major areas of interest has been to assess if lameness treatment protocols could be improved with
the use of non-steroidal anti-inflammatory drugs (NSAIDs). NSAIDs are a family of compounds that all act
by inhibiting the enzyme cyclooxygenase thus subsequently decreasing the release of prostaglandins (Laven
et al. 2012). As of 2023, there are five NSAIDs licensed for use in New Zealand dairy cattle; flunixin,
ketoprofen, meloxicam, carprofen and tolfenamic acid, with positive welfare trends seen in New Zealand in
the use of NSAID in production animals and increase in usage being reported (Laven 2020). One possible
unseen consequence of this trend is the confirmation bias from more welfare-conscious animal health
advisors and farmers. It appeared to the author that the positive NSAID findings for an increase lameness
cure at 35 days post treatment reported by Thomas et al. (2015) was not what was being reported by other
authors (Whay et al. 2005; Laven et al. 2008). Yet it is the findings of Thomas et al. (2015) that are cited
more than the others and used routinely in non-peer reviewed communications. It was this conflicting
messaging that prompted a systematic review into the associations between NSAID drug use at the time of
diagnosis and treatment of claw horn lameness in dairy cattle and lameness scores, algometer readings, and
lying times (Mason et al. 2022b). In order to provide the best advice and the best chance for sustained farmer
behaviour change, veterinarians must provide a ‘united front’ of the messaging and use of NSAIDs (Mills et

al. 2017), and this was one of the drivers of the systematic review.

One of the major findings was the relative scarcity of evidence in the area, with only six studies included in
the systematic review. Whilst there were a greater number of studies that investigated NSAIDs and lameness,

the study population in many of these were in experimentally induced (non-claw horn lameness), and thus
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excluded from the systematic review. Nevertheless, from this small number of studies, we were still able to
conclude that there was no definitive evidence of the use of NSAIDs to improve LS and nociceptive threshold
post treatment. This was particularly so in studies where the majority of cattle have been lame for an extended
period of time prior to being diagnosed and treated (Laven et al. 2008; Thomas et al. 2016), similar to what
happens in the commercial clinical setting. The only comparison group to report significant difference was
that discussed above by Thomas et al. (2015), and then only when NSAID were used in combination with a
hoof block. Therefore, this result is actually the outlier, not the norm, and its more frequent use as evidence

of a benefit is an example of positive confirmation bias.

We speculate that the limited published data do not reflect the lack of a NSAID effect, but instead reflect the
insensitive measures of assessing treatment response (i.e., LS) and the population of cows that we are
routinely treating (i.e., chronically lame). The major difference between Thomas et al. (2015) and the other
studies included in the systematic review was the chronicity of lameness; the enrolled population in Thomas
et al. (2015) were acutely lame dairy cattle, whereas the study population in the other four studies were from
animals that we would define as chronically lame. This is almost solely the population that veterinarians
(and the hoof trimmers and farmers) are presented with in New Zealand by the time the farmer has identified
and drafted the lame animals. To reinforce this theory, since the systematic review was completed, two new
pieces of research have reported a positive association between NSAID treatment on LS (Sadiq et al. 2022;
Wilson et al. 2022). Both studies enrolled acutely lame animals with claw-horn lesions and reported either
a significant improvement in cure risks, in conjunction with a block, (Sadiq et al. 2022) or a trend for a
reduction in repeat lameness (Wilson et al. 2022), in NSAID treated animals. Both of these studies provide
further evidence for the hypothesis that early identification and effective treatment (involving both blocks

and NSAID) can result in major improvements in the outcomes of lame animals (Pedersen and Wilson 2021).

With lameness identified as a severely painful condition in dairy cattle, immediate and short-term pain relief
of identified lame animals is critical (Whay and Shearer 2017). The scope of the systematic review was of

claw-horn lameness. Whilst there have been some studies demonstrating benefits in gait within hours of
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NSAID treatment in experimentally-induced and lameness with no lesions defined (Wagner et al. 2017;
Warner et al. 2021), there have been remarkably few studies investigating the impact of NSAIDs and acute
pain responses in dairy cattle with claw-horn lameness. Where evidence does exist, however, is with hoof
trimming. The act of trimming a hoof itself results in responses consistent with pain and stress, both in lame
and non-lame animals (Sadiqg et al. 2020), and that NSAID treatment at the time of hoof trimming can
mitigate some of these (Chapinal et al. 2010). Thus, one of the better arguments for NSAID use actually
comes from the ‘first do no harm’ mantra. As we are providing a treatment that itself is a painful husbandry

procedure, the use of NSAID is justified and should be promoted by veterinarians (Stock and Coetzee 2015).

We did not investigate long-term outcomes associated with NSAID treatment of lame cows within the
systematic review for the sole reason that none existed at the time of review. The findings of Wilson et al.
(2022) has changed that. The inflammation process in response to mastitis in cattle can have pronounced
negative long-term effects in dairy cattle, and appropriate treatment, including the use of NSAIDs, can result
in pronounced longer-term positive outcomes for these animals, including reduced culling and improved
100-day in-calf rate (McDougall et al. 2009; McDougall et al. 2016). The negative long-term effects of
lameness on reproduction and longevity in the herd are well documented and pronounced (Huxley 2013).
Longer-term impacts of lameness consist of poorer reproductive outcomes, increased risk of culling and
repeat lameness episodes, and it is around the reduced culling and potential for improved reproductive
outcomes that there is great excitement. Wilson et al. (2022) report a 45% reduction in the hazard of culling
in heifers treated with NSAID when diagnosed lame. This is a significant reduction, both statistically and
biologically, in culling compared to lame animals not treated with NSAID. The fact that the effect was
apparent in heifers, yet not in adult cattle (Wilson 2021), adds evidence that identifying lame animals early

and treating appropriately will likely reduce their lifetime ‘lameness burden’.

When the findings of Mason et al. (2022b) are combined with the recent studies and the addition of the short-
term impacts of claw-trimming, there now exists evidence of positive short-, medium-, and long-term effects

of NSAID use as part of lameness treatment (Figure 8.4). Our next challenge is how to encourage both early
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identification of lameness to maximise the response to NSAID and increase the usage of NSAID for all lame

COWS.

T

/ NSAIDs >
— \1/ ™~

Short Term (Medium Term } -Longer Term

Up to three days « 3-100 days > 100 days

Behavioural response . Lameness scores Culling and reproduction
Repeat lameness

l | l

Can mitigate some pain Promote early Almost 50% reduction in

of hoof trimming identification and long-term culling risk
treatment

Little data otherwise Possible reduction in
Combination of NSAID + future lameness events
Block for all lame
animals

Figure 8.4 Short-, medium- and long-term outcomes of the effect of NSAID treatment at the time of treatment for dairy cattle
diagnosed with claw-horn lameness

8.5 Preventing lameness in dairy heifers through a pre-calving hoof conditioning

programme

Providing practical cost-effective solutions to reduce the incidence of lameness was one of the major goals
of this project. However, randomised clinical intervention studies for lameness control and prevention are
notoriously expensive and time consuming, often needing to be carried out over several years (Bergsten et

al. 2015; Thomas et al. 2015; Wilson et al. 2022). Therefore, we only had one opportunity at selecting an
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intervention to investigate. After much deliberation, it was decided that the pre-calving heifer would be the
best group of animals to investigate. If the time to the first lameness case could be extended, then the
evidence would suggest that this will result in an exponential reduction in the lifetime risk of lameness
(Newsome et al. 2016; Randall et al. 2018). The specific intervention selected needed to be practical, be able
to be undertaken by the farmer, be applicable to most farms in New Zealand and be based on strong scientific
principles. We decided to investigate a pre-calving ‘hoof conditioning programme’ whereby dairy heifers

were exposed to concrete and exercise immediately pre-calving.

The hypothesis of Mason et al. (2022a) was that if a heifer is exposed to external environmental stressors
(i.e., concrete and walking long distances) over a period of time where the hoof is more able to withstand
and adapt (pre-calving), this will enable the heifer to be able to withstand these external stressors that a
lactating animal in New Zealand will be exposed to, during a period where the hoof is at its weakest (i.e.,
calving) (Tarlton et al. 2002; Knott et al. 2007). Specifically, we hypothesised that this intervention may
increase sole soft tissue thickness, as described by Gard et al. (2015), and reduce the hazards of lameness

across their first lactation.

No strong association was identified in either soft sole thickness or the hazards of lameness in animals in the
intervention group compared to the control animals. Whilst a ‘non-significant’ effect can sometimes be seen
as a negative result, we believe that this is a useful finding. This was a well-powered study carried out to
high-quality randomised clinical study standards. The fact that we did not identify associations provides
confidence to dairy farmers and animal health providers that undertaking pre-calving hoof conditioning as
described in Chapter 6 is unlikely to result in large changes in their lameness incidence, and that their

resources may be better spent elsewhere with lameness control.

It is possible that our intervention of one hour a day on concrete and 1 km walked on farm tracks for five
days a week, for five weeks pre-calving may not have been sufficient enough to induce the changes required.
That little difference in sole soft tissue thickness existed between animals in the control and treatment groups

adds evidence to this theory. The intervention was decided on as a compromise between minimising the risk
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of harm and ensuring practicality, and also having enough power to identify a positive difference. We did
not want to extend time on concrete for too long, as there is evidence that an extended period of time on
concrete around the transition period can result in large lameness issues (Mason et al. 2012). Future research
may now have confidence that the length of time on concrete and/or the distance walked may be able to be
increased without too greater risk of increasing lameness. We also stress that whilst we did not report any
positive improvements in hoof health, we also did not report any negative effects either. The evidence of the
harm that we can do is still apparent (Mason et al., submitted), so minimising the exposure to concrete

surfaces during and after the calving period should be encouraged (Knott et al. 2007; Mason et al. 2012).

8.6 Farmer motivators and barriers to lameness control

To make a large difference in the incidence of a farm-animal disease, a preventative or therapeutic action
needs both high efficacy, and also a wide-spread uptake of the practice (Mills et al. 2017; Biesheuvel et al.
2021; Figure 8.5). The harsh reality is that, despite claw-horn lameness being one of the major animal health
and welfare concerns of dairy cattle farming internationally (Huxley 2013), there are few control methods
that provide both high efficacy and widespread uptake. This is no more evident than the recent reports of
~25% of dairy cattle lame at any point in time worldwide (Afonso et al. 2020; Thomsen et al. 2023). The
review of NSAID use presented earlier in this summary, and early identification of lameness (Pedersen and
Wilson 2021) strongly suggest that large improvements in lameness can be made with what can appear as
‘simple’ critical control points — identify lame cows early and provide lame cows with NSAIDs. However,
expecting farmers to do this just because they are told to do it would be naive, and will fail (Bell et al. 2009;

Browne et al. 2022; Mason et al., submitted).
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Figure 8.5 Factors influencing farmer decision-making, from Mills et al. (2017)

Our approach, instead, was to ask the main stakeholders, the farmers, what they believe are the barriers to

controlling lameness on their farm and the factors that motivate them to control lameness. Farmers are a

critical piece of the puzzle in disease control (Kristensen and Jakobsen 2011; Biesheuvel et al. 2021) and

often underappreciated and underrepresented in lameness disease control and research. Involving farmers in

the process of lameness control has resulted in greater acknowledgement of lameness problems on farm

(Main et al. 2012), and subsequent reduction in lameness prevalence (Main et al. 2012; Chapinal et al. 2014).

True lameness control success is thus likely to be in the form of interventions that influence farmers’

behaviour in regard to lameness control (Green et al. 2020; Biesheuvel et al. 2021). If we can identify the

key barriers and motivators to lameness control, we can apply control methods and solutions that address

these key areas, rather than what often happens where a solution is provided by researchers that farmers

either cannot or will not implement, regardless of the evidence of the effect.
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New Zealand dairy farmers reported that time was the most important barrier to lameness control, in
agreement with data from UK dairy farmers (Leach et al. 2010), followed closely by skilled labour. Thus,
suggesting a control method that involves a large on-farm labour contingent is likely to fail. This is pertinent
to early identification and treatment, which require both time and skilled labour — a farmer is unlikely to buy
into this suggestion without these two barriers being addressed. Critically, animal health advisors such as
veterinarians and hoof trimmers can offer their services to remove both of these barriers. This can result in
a win-win-win for the cow, the farmer and the animal health professional. The cow gets treated by a skilled
operator, the farmer, who wants to control lameness, gets the solution sorted for them and the animal health
provider obtains income from providing the service. In the author’s experience, whenever he has offered to
assist a farmer with their lame cow treatment when they were dealing with an outbreak, this offer has never

been turned down.

Following on from this point, another critical learning from this project was that animal health professionals,
such as veterinarians, should not assume that cost is a major barrier to lameness control. Granted, surveys
will often result in responder bias with questions about the cost of a service. However, regardless of any
potential responding bias here, farmers are expecting veterinarians to provide the farmer with the best advice,
regardless of cost. Veterinarians were ranked as the most trusted advisor for lameness information by a
considerable margin, and if veterinarians can have a ‘united front” on the advice and services being provided,

the uptake of lameness control plans will be greater.

Other key messages we reported were that farmers ranked all potential motivators to lameness control as
important and the most important impacts of lameness, from a farmer’s perspective, were cow-related factors
such as pain and production, with farm and industry impacts of less importance. Farmers place different
weightings of importance on barriers to lameness control compared to motivators for lameness control and
the importance that farmers place on barriers, motivators and impacts of lameness were poor predictors of

farmers’ belief regarding their lameness problem, or actual lameness prevalence.
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Finally, we reported that, despite relatively low lameness prevalence, many New Zealand dairy farmers
believe lameness is a problem on their farm, and they rank welfare impacts of lameness of high importance.
To investigate how farmer behaviour change can be used to manage lameness, future studies should consider
theoretical social science frameworks beyond the theory of planned behaviour, and/or involve prospective
interventional studies investigating farmer actions instead of beliefs. The control of lameness in sheep in the
United Kingdom provides a great example of veterinary science and social science working together to alter
farmer, and veterinary, behaviour to improve outcomes for lame sheep (Higgins et al. 2013; Green et al.
2020). Following in their footsteps would provide an excellent next step for the future of lameness research

in New Zealand.

8.7 Summary

The combination of the lower-than-expected lameness prevalence and the rapid time to lameness cure
reported during this body of work provide an excellent ‘good-news’ story for the New Zealand dairy industry.
Whilst still acknowledging that many improvements in lameness management can be made, it is important
to acknowledge that on a global scale, New Zealand dairy industry has one of the lowest, if not the lowest,
lameness burden of any developed dairy nation. And that despite this low lameness burden, New Zealand
farmers feel strongly about having a lameness problem on their farm and have a strong desire to minimise

the animal welfare consequence of cattle lameness.

The major unanswered question from this project is how do we combine the findings into a coherent story
of how we can continue to have a low lameness burden, and even reduce lameness further on New Zealand
dairy farms? There are two main areas that we would like to investigate next to assist with this question,
improving treatment outcomes of lame cows, and further investigations into farmer behaviour. As there is
mounting evidence that prompt and effective early treatment may in itself act as a preventative strategy for

future lameness events (Newsome et al. 2016; Pedersen and Wilson 2021; Wilson et al. 2022), we need to
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establish the return on investment for a farmer for this strategy. This is likely also an intervention that should
have benefits across dairying systems and lesions, although this hypothesis still needs assessing in New

Zealand.

Following on from the farmer behaviours survey, a logical next step would be to attempt to replicate, in part,
the work that Green and colleagues in the UK have carried out on footrot treatment in sheep (Higgins et al.
2013; O’Kane et al. 2017; Green et al. 2020). A combination of surveys, questionnaires, one-on-one
interviews, randomised interventional studies, and focus groups with multi-disciplinary stakeholders all
came together to result in profound and sustained farmer behavioural change and associated reduction in
sheep lameness. Whilst this would be a massive undertaking to repeat with cattle lameness in New Zealand,
the first part has already been achieved by carrying out quantitative questionnaires on farmer beliefs and
lameness prevalence surveys. We now have a much better understanding of the lameness prevalence and the
barriers and motivators of farmers in regard to lameness. A focus on early identification and effective
treatment would be an ideal starting point for the second stage, following on the same success for footrot
treatment in sheep. Provided that research into early identification and treatment does show large
improvements, the implementation and uptake of it requires input from multiple stakeholders. Early
identification is synonymous with treating more lame cows earlier, and thus more time and skilled labour
required in the short-term at least. The applied solutions to these problems will require the ‘buy-in’ of
multiple stakeholders and where the one-on-one interviews and focus groups will provide the greatest

benefit.

Like with any good research project, it is tempting to conclude that more research is needed. Whilst
undoubtably this is the case here, concentrating on a few key findings from the research is an appropriate

conclusion:

1. The median farm-level prevalence of lameness was 2.8%, lower than almost any previously published

dataset on cattle lameness prevalence.

1533



8. Conclusions

The range of lameness on a given day was between 0% and 17%, and an interquartile range of 1.5% to

4.5%

A lack of seasonality of lameness was apparent on most dairy farms, with a change in lameness

prevalence from spring to summer scores between -1.8% to 1.0% on half of the farms

A one-off lameness score provides very little information for an audit trying to identify farms with a
severe lameness problem. We reported that most farms that had a lameness prevalence above 4.5%

at one score were unlikely to be above 4.5% at another score.

Duration of lameness on five New Zealand dairy farms undergoing best-practice lameness treatment
methods was shorter than any previously reported lameness cure-rates. A median time to soundness
of 18 days and a median time to non-lame of 7 days was reported; 50% of animals were diagnosed as
non-lame within seven days post treatment. We also identified different cure rates between farms,
highlighting that monitoring recovery rates may be a useful tool for animal health professionals to

identify farms where treatment and identification of lameness may be sub-optimal.

Despite the low lameness prevalence, New Zealand dairy farmers still do care strongly about the
welfare of lame animals. The most important impacts of lameness, from a farmer’s perspective, were
cow-related factors such as pain and production, with farm and industry impacts of less importance.

Time and skilled labour are the most important barriers to lameness control on farm.

Farmer belief of their lameness problem is a poor predictor of lameness prevalence. We cannot rely on

farmers to tell us if they have a lameness problem, nor, their lameness incidence risk across the season.

Veterinarians are the primary sources of advice for lameness treatment and prevention on New Zealand

dairy farms, with 89% of responding farmers selecting veterinarians, over double the next source.

13/



9.

10.

11.

12.

8. Conclusions

A pre-calving ‘hoof conditioning’ programme involving dairy heifers standing on concrete for an hour
and walking 1km along farm tracks for five weeks pre-calving did not result in a reduction in lameness

incidence during their first lactation.

The practice of using concrete stand-off pads should cease across New Zealand. Appropriate cost-effect

alternative solutions exist, and farmers should be encouraged to move to these systems.

The combination of early identification and effective treatment of lame cows (consisting of NSAIDs and
blocks) increase lameness cure risk by 2 times, and NSAIDs have been associated with a large reduction
in the culling risk of lame animals in the United Kingdom. The use of NSAIDs without blocks in

chronically lame animals is unlikely to result in any improvement in lameness cure rates.

The survey of farm lameness management practices revealed there are ample opportunities to improve
the education of farmers, and animal health advisors, with respect to lameness identification. The dairy
industry should move away from using lameness scoring as an audit tool, and instead promoting
lameness scoring, and/or automated lameness identification, as a means to improve the identification

and subsequent treatment, of individual lame animals.

It is my hope and desire that these learnings are added to the body of research on New Zealand and are taken

up

by the New Zealand dairy industry. In particular, achievable lameness prevalence metrics should be

updated to those reported here, with a lower prevalence threshold of ~5% indicating a lameness concern on

farm. The unawareness of the lameness problem on farm by both the farmer and animal health advisors

should be the first area to be addressed when undertaking a lameness investigation. Farmers should be

encouraged to treat lameness identification as a dedicated task, and early identification and prompt effective

treatment of lameness stressed.
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As the most trusted advisor for lameness treatment and prevention, the veterinarian has a duty to play a
critical role in improving lameness control, whilst being cognisant of the major farmer barriers of lameness
control of time and skilled labour. When planning lameness control programmes, it is important that the
veterinarian considers that farmers care more about the impact that lameness has on the wellbeing of their
animals than the impact lameness has on farm productivity and the greater dairy industry, and that the cost
of a prevention plan should not be seen as a major deterrent. Farmers are after veterinarians to provide the
best advice; the farmers will then make the judgement call on the cost-benefit of the solution. Annual
consultations between dairy farmers and veterinarians provide a great opportunity to discuss and plan for
lameness control across. Rather than merely asking how many lame cows the farmer thought they had for
the season, this is the time to develop a clear and defined plan for identifying and recording lame cows,
something that is currently lacking on the majority of dairy farms. This seems almost too simple, but | believe
one of the biggest wins we can have nationally is just to start talking to farmers about lameness; it is currently
left to a handful of veterinarians and hoof trimmers that are passionate about the topic. These consults can
include discussing the benefits of early identification and treatment (e.g., improved lameness cure rates,
reduced incidence of lameness and reduced culling) and solutions for early identification (e.g., the use of
automated lameness identification technology and/or providing the services of veterinary technicians for the
identification and treatment of lameness). Finally, a veterinary practice can offer the farmer a solution to
their two biggest barriers to lameness control, time and skilled labour. This is a great opportunity for
veterinary clinics to expand their offering, with the development of a ‘lameness identification and treatment
service’ through a team of paraprofessional hoof-trimmers, under the guidance and prescribing powers of a
veterinarian. | believe that the only way to achieve continued and meaningful reduction in lameness across
New Zealand dairy farms is for multiple groups working together with the aim of reducing the impact of

lameness on farm.
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