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Simple Summary: Lameness is a big issue within UK dairy herds that can lead to significant welfare
and financial implications. Early detection and treatment can result in a better cure of this painful
condition. Cows enjoy grooming each other and will use automatic brushes to groom themselves.
However, grooming is a luxury behaviour that is performed if everything else is fine with the cow.
Lame cows may use brushes less because it could be painful to be on their feet. This study aimed to
assess if the possibility of monitoring automated brush use within a loose-housed dairy herd could
aid in the early identification of lameness. This study found that if accurate monitoring of individuals’
brush use (duration per visit to a brush) could be collected, then this could act as an indicator for
lameness. This information could then be utilised on the farm to allow prompt identification of the
individual(s) for direct assessment, which in turn allows for prompt action to be taken with the aim
of improved outcomes for the cow(s) and the farm.

Abstract: This study focused on a group of 49 high-yielding dairy cows (primarily Holstein Friesians)
and how their interactions with wall-mounted automated brushes correlated to their mobility (also
described as lameness) score (AHDB 0–3 system. Of the 49 animals in the study, 48 were mobility
scored with a sample lameness prevalence of 14.6% (n = 22 score 0, n = 19 score 1, n = 6 score 2
and n = 1 score 3 (score 2 and 3 combined due to low numbers identified)). There was no statistical
difference in the number of visits between the lame (score 2 and 3) and sound cows (score 0 and 1);
however, there was a statistically relevant decrease in the duration that the lame cows spent brushing
per visit (sound 91.7 ± 6.06 s compared to lame 63.0 ± 9.22 s, p = 0.0097). No significant difference was
identified in how the lame cows interacted with the brushes (i.e., which body part) when compared
to the group. The group, in general, showed a significant preference towards interacting with the
brush with their head area (63.95% of interactions observed over the 72 h involved the head). In
conclusion, monitoring brush use (duration of use per visit) could aid with the identification of
clinically lame animals.

Keywords: dairy cattle; behaviour; positive welfare indicator; monitoring; detection

1. Introduction

Lameness can be defined as a painful condition or abnormality that impacts the
animal’s ability to move in a normal manner [1–4]. Lameness is commonly identified
via mobility scoring, for the purpose of this study the AHDB 0–3 system was utilised [5].
Lameness has been linked to a variety of foot and leg issues caused by many factors
including disease, injury, management and environmental factors and, less commonly,
neurological issues [1,2,4,6]. A majority of the cases detected are linked to hind limb
issues, and estimates put hind limb involvement as high as 92% [7–9]. Currently, lameness
prevalence is estimated to be between 25% and 31.6% in UK dairy herds [10–12], with
a single incident of lameness potentially costing the farm between GBP 110 and GBP
520 [13,14]. As there are currently approximately 1.9 million dairy cattle in the UK [13] and
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across a year, a farm will potentially see a 55% incident rate of lameness [10], it could be
estimated that lameness is costing the UK dairy industry up to GBP 543,400,000 per year.
With this in mind, early identification and treatment of lameness is key to maintaining a
healthy, productive and profitable herd [4,15].

In the mid-1980s, the first automatically activated rotating cow brushes were devel-
oped [16]. These automatic brushes have become increasingly common, especially in free
stall/loose-housed barns, and may now potentially be considered standard equipment [17].
A variety of benefits have been documented in the literature related to their use, including
the ability to exhibit normal grooming behaviour [16,18–20], remove parasites [19,21,22],
improve skin health [19,21,22], reduce disease [19,21,22], reduce stress [16,18], reduce frus-
tration [16,18], relieve boredom [16,18] and increase milk yield [23,24]. Indeed, cows are
highly motivated to use mechanical brushes whereby they push equal weight on a gate
for access to fresh feed and brushes [25]. It has also been suggested that monitoring brush
use could potentially be utilised as an indicator of herd health [19,20,26]. This is due to
brush use being classified as a low-resilience/luxury behaviour [27] and, as a result, is
more likely to decrease sooner than core behaviours (e.g., time spent eating/at the food
source or drinking) when the perceived cost of the behaviour increases [28–30]. A decrease
in low-resilience behaviours has been reported in cows during heat stress [24], after an
intrusive medical procedure [24], during episodes of metritis [31] and on the peak day of
bovine respiratory disease in calves (BRD) [32].

Two recent studies carried out by Foris et al. recorded brush use in dairy cattle. One
study found that brush use (at a group level) was observed at between 2.6 and 10.1 h/day
depending on the group size (mean ± SD of daily brush use for different group sizes was
24 cows, 3.8 ± 0.6 h; 36 cows, 5.5 ± 1.3 h; 48 cows, 5.6 ± 1.4 h; 60 cows, 7.6 ± 1.8 h). This
resulted in an average brush use of 8.5 ± 2.0 min/day/cow [19]. The other study identified
that, on average, cows used the brush for 27.4 min/day but with considerable variability
observed between individuals (SD 21 min, range 0–101.9 min) [33]. A further study carried
out recently reported a range of between 59 and 1610 s brush use/individual/day [34].

One study [27] directly investigated brush use to detect lameness. This study found
that brushes placed further from feed bunks (where perceived cost to the animal was
higher) were utilised less by lame/severely lame cows, whereas brushes located near feed
bunks were still utilised even by lame/severely lame cows [27].

Given the potential applications of brush use monitoring to detect lameness, this
paper aimed to investigate further if the link between how cows interact with a brush
could be utilised to detect lameness. This study looked at how cows in a loose-housed
environment interacted with brushes and if these interactions could aid the previously
described detection methods to identify lameness. Furthermore, this study looked at if
specific types of interaction could identify specific limb(s) involvement with lameness. It
was hypothesised that brush use would significantly decrease with lameness. It was further
hypothesised that the data would suggest which limb was affected by an increase in the
time the affected limb was in contact with the brush (i.e., utilising the brush to remove
some of the load from the affected limb). There is also limited information on how often
the brush is used by individual cows and which part of the body cows use to interact with
brushes, leading to a further aim of this study.

2. Materials and Methods
2.1. Ethical Approval

This project was approved by the Clinical Research Ethical Review Board (CRERB) at
the Royal Veterinary College (RVC), London, England. Reference number CR-2023-014-2.

2.2. Animals and Management

The study was carried out on a loose-housed dairy farm in the East of England
consisting of three separate areas as follows: one for high yielders, one for low yielders and
another for dry cows. The herd primarily comprises Holstein Friesians totalling 80 adults,
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made up of 49 high yielders, 19 low yielders and 12 dry cows. The bedding was sawdust
over a chalk base with concrete by the feeding rails. Cows were fed a TMR (total mixed
ration) tailored to each group’s lactation stage daily, available upon return from morning
milking. The ration was robotically pushed up every hour. Additional concentrate feed
was given in the milking parlour. Milking occurred twice a day at approximately 5 am
and 3 pm. Cows were mobility scored regularly (approximately every 2 weeks) by trained
observers (from the register of mobility scorers (ROMS)) using the 0–3 Agriculture and
Horticulture Development Boards (AHDB) scoring system [5]. All cows assessed had their
cow ID and score recorded (regardless of score). Where specific limb(s) involvement was
identified, this was additionally recorded.

The cows selected for this study consisted solely of high yielders (n = 49). Observations
were recorded over a continuous 72 h period from 0:00:00 on 21 February 2023 until 23:59:59
on 23 February 2023. This date window was selected to cover the day prior to, of and post
lameness scoring (which occurred post afternoon milking on 22 February 2023). During
this time, the high yielders were housed primarily in a larger pen with access to two Kerbl
Happycow (model 18690) mechanical brushes (brush one was non-functional (did not
rotate) and brush two was fully functional). They were also housed in the smaller low
yielder pen during mucking out (22 February 2023 from return from morning milking
(06:30) until approximately 12:30). During this period, the cows had access to a single
non-functional mechanical brush of the same type (brush three). Figure 1 details the layout.
Brushes utilised for this study were pre-existing in the environment and, as such, were
not directly selected for the study. They do, however, share many similarities with other
brushes on the market. The use of these brushes was also deemed appropriate because the
cows are used to their current positions within the environment, which could alleviate the
potential impact that environmental alterations could have had on the results gathered.
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Figure 1. Loose-housing layout and brush position on the study farm. Included are the positions of
the “Happy cow brush” mechanical brushes (numbered 1, 2 and 3). Brush 1 and 3 were inoperable
at the time of investigation and therefore acted as static angled round brushes. Brush 2 was in full
working order and would rotate when the cows interacted with it.

2.3. Data Collection

To allow a direct comparison between in person and CCTV-collected data, 12 h obser-
vation periods were allocated to each observation method per 24 h. From 7 am to 7 pm each
day, in person observations were utilised to study the samples’ brush interactions. This was
manually recorded on an observation sheet, then digitally inputted into Excel (Microsoft
Excel for Mac 2011, version 14.7.3). Brush attendance, date, cow number, brush number,
area brushed and start and finish time were recorded. For the date, start and finish time
recordings on an internet-calibrated watch (Garmin Vivioactive 3 set to UK (GMT) time)
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were utilised (recorded to the nearest second). Cow numbers were visually identified via
freeze branding/numbered collars. Figure 2 illustrates how the area brushed was assessed.
There were eight areas identified and a ninth that covered repeated changing from each
side of the head. Each time a different area was brushed, a new entry was recorded, later
described as an interaction. When the same individual had multiple interactions without
departing, this was recorded separately as a single attendance/visit.
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Figure 2. Cows were divided into eight areas to record the interaction with the brush. (Image
adapted from Leon von Salisch, CC BY-SA 4.0 <https://creativecommons.org/licenses/by-sa/4.0>,
via Wikimedia Commons accessed on 2 July 2024).

To record which part of the body the cow used to interact with the brush, the cow
was divided into eight areas shown in Figure 2. In addition to the illustrated eight areas
(Figure 2), there was a ninth record available of L1/R1, which indicated that the cow
would frequently swap between brushing the right and left side of their head and cranial
neck area.

Overnight from 7 pm to 7 am, closed-circuit television (CCTV) recordings from a
single camera covering both brushes (1 and 2) within the high yielders’ pen were utilised
to record brush interactions. Due to the quality of the recording, it was not possible to
positively identify all individuals, so no cow numbers were recorded, but all other data
were recorded as per the day observations. An additional response was available for area
brushed, that of obscured view, which represented when it was not possible to identify the
area interacting, but brush interaction was positively identified. Lameness scores for both
22 February 2023 and the subsequent scoring event on 6 March 2023 (12 days later) were
acquired from farm records.

2.4. Data Analysis

Sample data were utilised to their fullest potential during this study. All 49 cows
were included in the interaction data, where 48 of the high yielders were mobility scored
within the observation window; thus, when comparing lameness to brush use, the relevant
individual(s) data were excluded/included as necessary. For any analysis requiring cow
identification, only data collected from 7 am to 7 pm was utilised. Where follow-up
lameness data are utilised, only samples that appeared in all relevant data fields were
utilised (n = 40). When the data were collected, a start time and finish time were recorded.
A total time was extrapolated from this and recorded in minutes and seconds. These values
were then used during Excel calculations. The total time was then converted into seconds
prior to being imported into Graph Pad (Graph Pad Prism—version 9.5.1). Basic data
compilation and analysis were carried out using Excel, and the raw data were transferred
to Graph Pad software for further analysis. The various data groups were checked for
Gaussian (normal) distribution via a Shapiro–Wilks or D’Agostino and Pearson test [35]. If
Gaussian, then either a one-way ANOVA [36] or unpaired t-test [35] were utilised. Post
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hoc tests were carried out via Tukey’s multiple comparison test [36]. If the values did not
have Gaussian distribution, then a non-parametric Kruskal–Wallis test was utilised [37],
with post hoc analysis via either Dunn’s multiple comparison test or the Mann–Whitney
test. Any analysis returning a p-value < 0.05 was considered statistically significant and
any result with a p-value of 0.05–0.10 was said to indicate a statistical tendency towards
a difference.

3. Results
3.1. General Brush Interaction

Across the 72 h observation window, a total of 784 individual brush interactions were
observed across 442 separate visits. This amounted to a total of 10 h, 49 min and 24 s
(38,964 s) of brush contact (15.03% of the total time observed) equating to a mean time spent
interacting with a brush of 4.42 min/cow/24 h (265.06 s/cow/24 h). The mean visit time
was 88 s and the mean interaction time was 50 s. This equated to a mean visits/cow of 9.02
and a mean interactions/cow of 16.00 across the observation period, or a mean visits/cow of
3.01/24 h and a mean interactions/cow of 5.33/24 h. Over the three 7 am–7 pm observation
windows, 100% (n = 49) of the cows were observed to have utilised one of the brushes
at least once with a visit range of 1–13. Those visits resulted in a range of between 2 and
33 individual interactions (Table 1). Over the three 7 pm–7 am observation windows, some
individuals could not be identified (a value of n = 49 was assumed). See Table 1 for a
breakdown. The live and video observational data were assessed via a Mann–Whitney test
and found to have no significant difference (p = 0.9819).

Table 1. Observation data showing the duration and quantity of individual visits to the brush.

Observation
Window

(n = 49 Cows)

Total Time
Brush in Use

Interactions (Total and
Mean per Cow)

Visits (Total and
Mean per Cow)

Mean Interaction Time
per Individual

Mean Visits Time
per Individual

All (72 h) 10:49:24 784
(16.0/cow)

442
(9.02/cow) 49.70 s 88.15 s

7 am–7 pm
(36 h—live) 6:43:47 508

(10.37/cow)
277

(5.56/cow) 47.69 s 87.46 s

7 pm–7 am
(36 h—video) 4:05:37 274

(5.91/cow)
165

(3.37/cow) 53.78 s 89.32 s

3.2. Lameness Data

Herd lameness data were gathered on 22 February 2023and 6 March 2023 (Table 2).
Data from 22 February 2023 showed a herd lameness prevalence of 11.8% (n = 68) and a
prevalence of 14.6% (n = 48) within the sample population. On 6/3/23, herd lameness
increased slightly to 14.1% (n = 64) but lameness prevalence within the sample animals
remained stable at 14.6% (n = 41) (fewer sample animals were observed on this occasion).
Of the 49 sample animals, only 40 appeared in both lameness assessments (n = 40). Of
these, 9 showed a reduction in lameness, 14 showed no change and 17 showed an increase
in lameness score between the two scoring events. These changes were assessed against the
total time that each individual spent interacting with a brush but no statistically significant
relationship was identified (p = 0.2360).

Table 2. Lameness prevalence by group and whole herd.

Date Assessed Group S0 S1 S2 S3 Lameness Prevalence

22 February 2023 Herd
n = 68

34
(50%)

26
(38.2%)

7
(10.3%)

1
(1.5%) 11.8%

22 February 2023 Sample
n = 48

22
(45.8%)

19
(39.6%)

6
(12.5%)

1
(2.1%) 14.6%

6 March 2023 Herd
n = 64

16
(25%)

39
(60.9%)

8
(12.5%)

1
(1.6%) 14.1%

6 March 2023 Sample
n = 41

10
(24.4%)

25
(61%)

5
(12.2%)

1
(2.4%) 14.6%
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3.3. Brush Use Data

The sampled cows showed a tendency towards a difference for interacting with the
brush with their front quarter (all results in area 1, n = 495) when compared to the rest
of the body (n = 279) p = 0.0532, equating to a total time of 6 h, 44 min and 18 s (24,258 s)
spent interacting with the brush front (head) on and only 3 h, 45 min and 55 s (13,555 s)
interacting with the rest of their body. The interaction data (n = 774) across the 72 h was
analysed further (Figure 3). Interaction time per area was compared via a Kruskal–Wallis
test and found to have a high statistical significance (p = <0.0001). Post hoc analysis of this
data using Dunn’s multiple comparison test showed a statistically significant increase in
the time spent per interaction with L1/R1 when compared to L1, R1, L2, R2, L3 and R3
(p = <0.0001—p = 0.0203) (Table 3).
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Figure 3. Breakdown of how the cows interacted with the brush(es). (Image adapted from Leon von
Salisch, CC BY-SA 4.0 <https://creativecommons.org/licenses/by-sa/4.0>, via Wikimedia Commons,
assessed 2 July 2024).
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Table 3. Notable differences between areas that the cow chose to interact with the brush.

Comparison (A vs. B) A B p-Value

L1/R1 vs. L1 (n = 106 vs. 206) 74.66 ± 5.431 40.05 ± 1.804 <0.0001
L1/R1 vs. R1 (n = 106 vs. 183) 74.66 ± 5.431 44.23 ± 2.523 <0.0001
L1/R1 vs. L2 (n = 106 vs. 49) 74.66 ± 5.431 41.41 ± 4.364 <0.0001
L1/R1 vs. R2 (n = 106 vs. 57) 74.66 ± 5.431 35.68 ± 2.711 <0.0001
L1/R1 vs. L3 (n = 106 vs. 45) 74.66 ± 5.431 60.44 ± 14.25 0.0203
L1/R1 vs. R3 (n = 106 vs. 57) 74.66 ± 5.431 42.16 ± 5.056 <0.0001
L1/R1 vs. L4 (n = 106 vs. 26) 74.66 ± 5.431 52.58 ± 10.86 0.1200
L1/R1 vs. R4 (n = 106 vs. 45) 74.66 ± 5.431 66.71 ± 11.36 0.2298

Table 3 shows a statistically relevant preference to interact with L1/R1 over L1, R1, L2,
R2, L3 and R3. Following on from these results, a further comparison between interactions
between the head area and the rest of the body was carried out (Table 4), which showed a
tendency towards a difference in interaction duration favouring the head area (p = 0.0532).
(Italic results are not significant but included for completeness).

Table 4. Notable interactions illustrating the difference between the lame and sound cows.

Comparison (A vs. B (vs. C)) A B C p-Value

Interactions per individual A n = 48
Sound (S0 and S1) (A) vs. Lame (S2/3) (B) 11.32 ± 1.100 6.286 ± 1.267 - 0.0509 *

Visit duration (s) B n = 48
S0 (A) vs. S1 (B) vs. S2/3 (C) 95.86 ± 9.228 104 ± 7.086 63.03 +/− 9.220 0.0358

Visit duration (s) C n = 29
S0 (A) vs. S2/3 (B) 95.86 ± 9.228 63.03 ± 9.220 - 0.0353

Visit duration (s) A n = 48
Sound (S0 and S1) (A) vs. Lame (S2/3) (B) 91.66 ± 6.060 63.03 ± 9.220 - 0.0097

Total duration per individual A (S)
Sound (S0 and S1) (A) vs. Lame (S2/3) (B) 536.6 ± 57.80 306.1 ± 54.67 - 0.0689 *

Interaction duration (s) A n = 49
Head (1) (A) vs. Rest of the body (2, 3 and 4) (B) 49.01 ± 1.772 48.58 ± 3.444 - 0.0532 *

The above data were analysed using the Mann–Whitney test (A), Kruskal–Wallis test (B) and Dunn’s multiple
comparison test (C). A result of p = <0.05 was considered statistically significant, and a result of between p = 0.10
and p = 0.05 was considered to have a tendency towards a difference (*). A, B and C represent mean values;
± represents the standard error.

There were statistically significant increases in the interaction time with L1/R1
(74.66 ± 5.431 s) when analysed against L1 (40.95 ± 4.346 s p = <0.0001), R1 (44.23 ± 2.523 s
p = <0.0001), L2 (41.41 ± 4.364 s p = <0.0001), R2 (35.68 ± 2.711 s p = <0.0001), L3
(60.44 ± 14.25 s p = 0.0203) and R3 (42.16 ± 5.056 s p = <0.0001).

3.4. Brush Use in Relation to Lameness

Due to low levels of lameness identified on the farm (n = 6), the only statistically
feasible evaluation was between hind limb lameness (n = 5) and the quarter interacting
with the brush (areas 1, 2, 3 and 4). No statistically relevant data were identified between
any of the areas (p = 0.6954). A further assessment of the front (areas 1 and 2) vs. rear (areas
3 and 4) interactions for the hind limb lame animals were also analysed, and no statistically
significant variation was found (p = 0.3566). This was also the case when the front quarter
(area 1) interaction was compared with interactions made with the rest of the body (areas
2, 3 and 4) (p = 0.4414). On a general level, the total time per individual (n = 48) spent
brushing was assessed against their lameness score (Figure 4). There were no statistically
relevant differences when all groups (S0, S1 and S2/3) were assessed together (p = 0.1575).
However, when the total time per individual was divided by sound (S0 and S1) and lame
(S2/3) animals, a tendency towards a difference was noted (p = 0.0689) in favour of the
sound animals (Table 4). There was no statistically relevant difference between the numbers
of visits per individual when compared against the lameness score (n = 48). But the time
spent per visit did yield a significant result (p = 0.0358) when all three groups were com-
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pared (S0 = 95.86 ± 9.228 s, S1 = 104 ± 7.086 s and S2/3 = 63.03 ± 9.220 s). Additionally,
significant result indicated a notably reduced time per visit for S2/3 animals (Table 4). This
was further confirmed by the comparison of sound (S0 and S1 (91.66 ± 6.060 s) to lame
(S2/3 (63.03 ± 9.220 s) animals (p = 0.0097) (Table 4). The number of individual interac-
tions that each individual carried out was assessed against all lameness scores (from 22
February 2023), and no statistically relevant result was gained (p = 0.1474). When separated
into sound and lame animals, a tendency towards a difference (p = 0.0509) (Table 4) was
identified, pointing towards higher numbers of individual interactions being carried out by
the sound cows (Figure 5).
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Figure 4. Total time spent brushing per individual (n = 48) separated by the lameness score (sound
cows (n = 41) have an AHDB score of 0 or 1, lame cows (n = 7) have an AHDB score of 2 or 3 based
on data from 22 February 2023).
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Figure 5. Number of individual interactions (per individual) against lameness status (based on an
AHDB scoring on 22 February 2023).

A statistical tendency (p = 0.0689) was identified between the time that the sound (S0
and S1) cows spent brushing and the time that the lame (S2/3) cows spent brushing over
the 36 h observation period.

A tendency towards a difference (p = 0.0509) was identified pointing towards higher
numbers of individual interactions being carried out by the sound cows.

4. Discussion

Utilising the AHDB classification of lameness [5], an animal is not referred to as lame
until they are an S2 or S3. Meaning that at the time of observation, the herd lameness level
on the farm was 11.8%. The sample lameness prevalence was slightly higher at 14.6% but
still well below the reported UK average of between 25% and 31.6% [10–12]. This indicates
that at this point in time, the on-farm protocol for lameness prevention, detection and
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treatment is performing well. This included routine lameness scoring by ROMS-trained
staff and prompt action on reported issues, regular foot trimming and regular foot bathing
(carried out upon exit from the parlour). Although this is below the national average of
14.6% of animals, it still represents a significant cost/loss of earnings to the farm of between
GBP 770 and GBP 3640 [13,14]. The animals identified as lame were identified as having
a statically significant reduction in the time that they spent utilising the brush per visit
when compared to the sound animals (63.03 ± 9.220 s for the lame cows compared to
91.66 ± 6.060 s for the sound cows). Also, a statistical tendency (reduction) was identified
with respect to the number of interactions and the total time spent interacting with a
brush over a given period for the lame cows compared to the sound cows, which supports
previous research that indicated that a reduction in brush use occurred when an animal
became lame [20,27] or sick [20,27,31]. Despite the aforementioned significant difference in
time spent brushing per visit, there was no identifiable relationship between the regions
brushed and the location of the lameness.

Due to the statistical significance and tendencies towards a difference identified be-
tween the data sets (number and duration of visits for both sound (S0 and S1) and lame
(S2/3)) the hypothesis that the reduction in brush use and location brushed could be used to
aid with identification of potential lameness and the location associated with the lameness
has been partially upheld. Brush use can be used to identify lame animals, but not to localise
the lameness. The small sample size and below average lameness prevalence may have
impacted the findings. However, as this study represents only a snapshot in time, future
studies that encompass multiple herds covering a prolonged time period may elaborate
further on the relationship between lameness status and brush use. The literature suggests
that an increase in group size reduces brush use on a per cow level (570 ± 90 s/cow/24 h
for 24 cows, 550 ± 130 s/cow/24 h, 420 ± 105 s/cow/24 h for 48 cows (most comparable
to this study of 265.06 s/cow/24 h for 49 cows) and 456 ± 60 s/cow/24 h for 60 cows) [19],
brush-to-cow ratio (mean times as for preceding group size data with ratios of 1 brush to
12 cows (1:12), 1:18, 1:24 and 1:30, respectively) [19] and brush position both within the pen
and in relation to other high value items (e.g., feed or water). The further from the high-
value items, the less likely the brush is to be utilised (decrease of 1.4 ± 0.5 min/day/cow)
to the point that lame animals (S2/3) may choose to only use brushes located near other
high value items (3 m vs. 16 m from the feed stall) [19,27], which may affect the frequency
and duration of brush use [19,27]. Thus, any further study should ensure that multilocation
data are comparable by accounting for the above. Additionally, further studies may also
wish to incorporate pre-existing automated lameness detection methods such as lying time,
standing time, gait assessment and feeding behaviour [3,38]. Future longitudinal studies
may also wish to consider the impact of dominance on individual cows’ brush interac-
tions [33] and, as such, individual cow data covering a prolonged period of soundness and
then a period of lameness may be required to identify specific boundaries for automated
monitoring. Future studies may also wish to assess variables such as lactation number and
stage as well as previous disease to assess the potential impact this may have on brush use.

Despite the hypothesis not being fully upheld, the data gathered in this study ap-
pears in general terms comparable to previous literature, with no significant difference
found between day and night brush use [19]. The mean time spent interacting with the
brush/individual/day of 265 s falls within a similar range to previous studies. Other stud-
ies have observed a brush interaction of 138 s [31], 342 s [18] and 420 (±105) seconds [19],
the latter being most comparable as a similar-sized herd (n = 48) was observed [19].

Further interpretation of the data could indicate that although a tendency towards a
difference was identified with the number of interactions, the lack of significant difference
between the sound and lame cows with respect to the number of visits to a brush suggests
that cows place a high value on brush use. This supports other findings that indicate that
cows are willing to push as much weight into accessing brushes as they are to accessing
feed [19]. The literature also states that frequency of displacement at automatic brushes
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was up to six times higher than displacement at feeders [24,39]. Displacement was not
directly monitored but was anecdotally observed and noted on multiple occasions.

As a result, it could be tentatively inferred that cows are willing to prioritise brush use
(grooming behaviour) over mild discomfort from lameness. This, however, is contradicted
by some literature that suggests that luxury behaviours (e.g., brush use) will be reduced
even with small drops in welfare (e.g., the day of minor medical procedures, when small
reductions in milk yield are detected or when minor routine changes occur in a day resulting
in a reduction of available time for eating/ruminating occur) [20,26]. Further research
focused on cows where lameness is later identified or where change in the lameness score
is tracked could provide clarity on the value placed on brush use.

Although this study did not find a statistical link between the area brushed and lame-
ness, it did identify a statistical difference between the areas of the cow that interacted with
the brush. There was a clear preference for head and neck interaction, partially supporting
previous research that identified preferences for head, neck, trunk and posterior interac-
tion [20]. This interaction distribution also supports research that indicated a preference
for brush use on harder-to-reach areas (back of the head and posterior) [24]. Further inter-
rogation of the localisation of interactions data did not yield significant results; however,
further investigation over a prolonged period of time may allow for the identification of a
more localised preference. This could then be used to inform recommendations on brush
height and location placement to aid with optimal cow/brush interactions.

Another anecdotal observation noted was a perceived preference for the motorised
brush (brush 2) over the inoperable brush (brush 1). This supports previous research that
indicated that the presence of a mechanical brush over a static brush can increase grooming
behaviour up to five times [18,23]. This was especially evident after mucking out. Mucking
out notably increased the height of both brushes, in particular the mechanical brush (brush
2). The pivot point for brush 1 increased from 85 cm to 115 cm and brush 2 from 85 cm to
145 cm. This appeared to make some interactions impossible. Animals were anecdotally
observed approaching brush 2 and appeared to attempt to/begin to interact with it but
only briefly because as they attempted to position themselves, contact with the brush was
lost. In these cases, individuals often proceeded directly to brush 1 and interacted with that
brush to fulfil their grooming need. Some studies have looked at the impact that brush
position has on use and found that brush use increased with a reduction in group size as
well as increasing when positioned closer to water and feed sources [19,24,27], and some
studies looked at brush quantity, which found an increase in duration time but not the
total time spent brushing [40]. The author was unable to locate any research indicating
the effect of brush height on use. The manufacturer’s guidelines state that for the brush
type in the study, the front lower edge of the brush should be positioned at the herd’s
average withers height (providing there is no more than 20 cm variation within the herd).
This recommendation appears to refer to minimising brush wear/maximising unit life
rather than optimal interaction for the cow. There also appears to be no scientific research
quoted on the data sheet backing up these recommendations [41]. Based on the anecdotal
observations, further research in this area is likely to yield significant data and offer ways to
increase a cow’s ability to access brushes, thus reducing the cost to the cow of performing
luxury behaviours and, in turn, increase welfare.

5. Conclusions

Although brush use is a luxury behaviour, cows are highly motivated to carry it
out. There is evidence that monitoring trends in the duration of use per visit to a brush
could act as an additional aid to monitor and detect lameness/cow comfort levels on a
herd basis. This is also true on an individual basis. If a system utilising brush rotation
data and computer vision–based cow identification were put into place on a farm (as it is
not practical or financially viable to carry out the amount of direct observations required
to gain useful data on a commercial farm), then data collected could be correlated with
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other on-farm data-logging devices to improve the efficiency and accuracy of lameness
detection/cow comfort evaluation.
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