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Abstract

Obtaining reliable welfare outcome measures from commercial farms can be challenging. We developed a training programme to
train observers to score injuries of the tarsal joint, carpal joint and neck on dairy cows as part of an on-farm study. Twelve trainees
were trained using protocols and photographs in a classroom session and on-farm visits. Continued repeatability checking was carried
out during a refresher and mid-way assessment. Two trainers were used as the reference standard to which all trainees were
compared. The study demonstrated that methods of scoring tarsal joint, carpal joint and neck injury can be learned by trainees from
different backgrounds and high repeatability can be achieved and maintained at a very large regional or national level. Successful
learning of injury scoring is dependent on protocols with strong definitions and photographs as well as repetitive training sessions.
Additionally, continued repeatability checks are essential to ensure the reference standard continues to be met. This training

programme can be used as a model to successfully train on-farm assessors.
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Introduction

Animal welfare assessment programmes have been
designed to address public concern regarding animal
welfare and there is interest in developing standardised
animal welfare indicators. Measures of injuries allow us to
compare the welfare of dairy cattle kept in different farming
systems (eg tie-stall, free-stall and automatic milking
systems) reflecting part of the welfare status of both the
herd and the individual. Tarsal joint (hock), carpal joint and
neck injury on dairy cows are important indicators of poor
management, stall and feed-bunk design. Tarsal joint
injuries are more prevalent in conventional than in organic
systems (Rutherford ef al 2008), in tie-stalls than in free-
stall systems (Busato ef a/ 2000), on farms with mattresses
than those with sand-based free-stalls (Weary & Taszkun,
2000) and free-stalls with restricted lunge space (Potterton
et al 2011). Additionally, tarsal joint injury is associated
with increased lameness (Regula et al 2004; Sogstad et al
2005). Carpal joint lesions (Rushen et al 2007; Kielland
et al 2009) are less common when cows are kept on rubber
mats or mattresses in comparison to concrete-based stalls,
and are more common on farms containing stalls with
reduced lunge space (Haskell ef a/ 2006). Cows in stalls that
are frequently bedded have fewer injuries (Fulwider et a/
2007). Presence of electric trainers and low ties rails in tie-

stalls are associated with increased open tarsal joint and
neck injuries, respectively (Zurbrigg et al 2005).

To minimise the subjectivity of welfare outcome assess-
ment, good inter-observer agreement is paramount. Despite
this, some published studies do not report inter- or intra-
observer repeatability for injury scores in dairy cattle
(Lombard et al 2010; Potterton et al 2011). Generally,
agreement between observers is moderate to high for tarsal
joint injury (Zurbrigg et al 2005; Rutherford e al 2008) but,
to our knowledge, there is no published literature on
observer agreement for carpal joint injury.

More recently, there is a greater emphasis on the importance
of formal training programmes for animal welfare assessors
to reduce inter- and intra-observer variation of animal-based
measures and to maintain the integrity of the assessment
(EFSA 2011; Rushen et al 2011). Additionally, it is
important that injury scoring scales are standardised and
researchers use scales that are already available in the liter-
ature (Table 1). Good training is particularly important
when the assessment involves multiple observers who may
not be in direct contact with each other, and who may have
very different levels of experience working with animals.
When training future assessors for welfare assessment, vari-
ability between people is expected due to observer-related
influences such as experience and personal biases. However,
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Table | A summary of injury scoring scales and associated cow number, observer number, observer agreement and

prevalence from the following eight on-farm studies.

Reference Stall Injury score Joint Cows Obs Inter- /intra- Injury score prevalence
type (n) (n) agreement®
@ O @ O
Weary & (0) No lesion Tarsal
(Tzagg'g;‘" FS (1) Hair loss > 10cm?, no skin breakage 19" 750 = - - 781
(2) Broken skin, dark scab, hair loss > 10cm?
Busato (0) No lesion Tarsal
etal (2000) g (1) Hairloss spots joint, | gge _ 896 73 16 15
Carpus
TS (2) Superficial lesions Knee®
(3) Open wounds
Zurbrigg (0) No hair loss, broken skin/scabs
etal (2005) 5 (1) Swollen tarsal joint, no hairloss or Tarsal 17,894 15 80% ©23 142 355 80
broken skin/scab joint
(2) Hairloss with/without swelling
(3) Broken skin scabs, with/without swelling
Zurbrigg TS (0) No hairloss, broken skin/scab Neck 17,893 I5 80% 9.2 3.8
et al (2005) (1) Hairloss, broken skin or scabs
Barberg FS (0) No lesion Tarsal 796 - - 749 241 1.0
et al (2007) (1) Hairloss joint
(2) Swollen tarsal joints
Rutherford FS (0) Sound: no hair damage Tarsal - - 84 (£ 5)% 50.9 49.1
et al (2008)° (1) Damaged: bare patches or abrasion joint
Kielland FS (0) No skin change
et al (2009)° (1) Hairless Carpal 2,335 5 - 65 29 5
(2) Swollen joint
(3) Wound
Lombard  FS (0) No hairloss/lesions Tarsal 24825 140 - 77 20 3
etal (2010) (1) Hairloss/no swelling joint
(2) Hairloss/swelling or lesion
Potterton FS (0) No hair loss Tarsal 5,652 | - 126 473 256 145
etal (2011) (1) Mild hair loss < 2cm joint
(2) Medium hair loss 2-2.5 cm
(3) Severe hair loss > 2.5 cm
Potterton FS (0) No swelling Tarsal 5,877 | - 0 747 23 23
etal (2011) (1) Mild swollen (thicker than normal) joint
(2) Medium swollen (obviously)
(3) Severely swollen (extensively)
Potterton FS (0) No ulceration Tarsal 5,652 | - 819 89 67 25
et al (2011) joint

(1) Mild ulcerated <2 cm
(2) Medium ulcerated 2-2.5 cm

(3) Severely ulcerated > 2.5 cm

— Data not available in the journal article. FS = Free-Stall; TS = Tie-Stall; * Prevalence reported for tarsal and carpal joints combined; ® Based
on 40 non-organic farms; © Scoring scale used by Regula et al (2004); ¢ Scoring scale used by Whay et al (2003); * Percentage agreement.
The following studies were not included: Wechsler et al (2000) and Haskell et al (2006). They report mean number of injuries per cow.
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No swelling.

No swelling or minor.

Medium swelling Major swelling

No hair is missing swelling (< 1 cm). (1-2.5 cm) (> 2.5 cm).
Thinning of hair or Bald area on hock. and/or lesion on May have bald areallesion.
broken hair. bald area
Scoring scale for tarsal joint injury in dairy cattle.
Figure 2
0 1 2 3

e 3

Lesion/scab with or
without medium
swelling (< 2.5 cm).
May have hairless
patch.

Major swelling
(> 2.5 cm) with or
without lesion or
hairless patch.

No skin change. Hairless patch.

Scoring scale for carpal joint injury in dairy cattle.

with appropriate training and regular inter- and intra-observer
assessment the variability in the data collected should be
substantially reduced. Ideally, if different trainees receive a
high standard of training with assessments at regular intervals,
they should produce more accurate and reliable data (eg
Mullan et al 2011). Despite the recognition that training is the
essential component to reducing variation among observers,
few studies provide detailed information on the training
programme used or the effectiveness of that training.

As part of a country-wide epidemiological study on
cow comfort in dairy cattle, we developed a training
programme to train assessors who were naive to the
injury-scoring system, differed in previous experience
with dairy cattle, and who were geographically
separated, with little direct contact. This paper reports
the use of a training programme and regular assessment
to achieve high repeatability of scores and therefore
more reliable data.
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Figure 3

No swelling.

No hair is missing.
Some hair loss or
broken hair.

Scoring scale for neck injury in dairy cattle.

No swelling.
Bald area visible.

Broken skin or scab
and/or swelling.
May have bald area.

Materials and methods

Development of protocol

Tarsal joint, carpal joint and neck injury scoring protocols
were developed by the trainers. For the initial develop-
ment of the protocols, six observers systematically tested
different sampling methods such as number of observers
required, position of observer in relation to the tarsal joint,
carpal joint or neck and scoring location (eg headlock,
milking parlour, inside the pen or outside the pen). The
different sampling methods were analysed for strengths
and weaknesses and the outcome of this assisted to
improve the practicality of assessing injuries. The
improved tarsal joint, carpal joint and neck injury
protocols were distributed to a group of dairy experts for
further improvement to refine description of each injury
score. The finalised protocols contained definitions of
each injury score along with a representative photograph
placed on a laminated reference card, and a detailed
description of the procedures for taking the measures. This
later outlined factors such as the distance to stand from the
cows, the angle of observation, etc. In addition to the
protocol, a summary table of the scoring system with
concise definitions was placed on the data recording sheet.

Injury scores

A tarsal joint injury scoring system was adapted from the
Cornell University Cooperative Extension Hock
Assessment for Cattle

(http://www.ansci.cornell.edu/prodairy/pdf/hockscore.pdf)
(Figure 1). The condition of the lateral surface of the left
and right tarsal joints, not including the tuberosity of calca-
neous (point of the hock), was recorded using a 0-3 scale:
No swelling with minor or no hair loss or broken hairs (0);
No swelling or minor swelling with thickness of < 1 cm
with bald area (1); Medium swelling thickness of 1-2.5 cm
and/or lesion/scab, may have bald area (2); Major swelling
thickness of > 2.5 cm (3). The condition of the anterior
surface of the left and right carpal joints was recorded
using a four-point scale: No swelling with minor or no hair
loss or broken hairs (0); No swelling with bald area (1);
Swelling with thickness of < 2.5 cm and/or broken skin or
scab, may have bald area (2); Major swelling with
thickness of > 2.5 cm, with or without bald area or lesion
(3) (Figure 2). In tie-stalls, the left and right tarsal joints
were scored by an observer standing at the back of the stall
and carpal joint injury was scored from the front as the cow
stood stationary in her stall. In free-stalls, tarsal joint injury
was scored from the side in the milking parlour and carpal
joint injury was scored from the front either at a head-
locked feed-bunk or as the cow stood in a stall or alley of
the pen. Tarsal and carpal joints were both examined from
a maximum distance of 50 cm. Tarsal and carpal joints
were not scored if they were too dirty or not visible (eg
herringbone parlour).

A neck injury scoring system was adapted from the literature
(Zurbrigg et al 2005; Lapointe 2010) (Figure 3). The
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condition of the dorsal surface of the neck from directly
behind the ears up to the point directly above the shoulder
joint was recorded using a three-point scale: No swelling
with minor or no hair loss or broken hairs (0); Bald area with
no swelling (1) and; Broken skin or scab and/or swelling
with or without bald area (2). Recording was carried out on
each cow standing in the tie-stall and in free-stalls at a head-
locked feed-bunk. Cows were examined from the front and
always from a maximum distance of 50 cm.

Implementation of training programme

Photographic training aids

Digital, coloured photographs were used to demonstrate
each injury score on the laminated reference cards and
during training in a Powerpoint presentation. The photo-
graphs were always taken within 50 cm of the animal and
demonstrated tarsal joints, carpal joints and necks ranging
from healthy to injured.

Trainers

The two trainers were both experienced dairy scientists
with extensive experience of scoring cow injuries on
commercial farms. Using the finalised protocols, the
trainers scored and discussed injury scores on cows until
they developed uniform scoring. In addition, they
underwent four scoring repeatability sessions including
two on-farm and two photograph sessions to ensure a high
level of agreement. To maintain agreement, inter-repeata-
bility was assessed monthly during the trainee training
period (six-month period) by scoring 20 cows live in the
barn or remotely using photographs. The trainers set the
reference standard against which each trainee was
evaluated throughout the entire training programme.
Trainer A was responsible for the training of the trainees
and trainer B for continued assessment during field data
collection. Only lactating Holstein cows were used
throughout the training programme and the cow’s identity
was recorded using the ear-tag number.

Training programme

There were a total of 12 trainees with varying degree of
experience working with dairy cattle: six trainees had more
than four-years experience working with dairy cattle and six
trainees had no experience working with dairy cattle prior to
commencing the training programme. The trainees
consisted of three teams with a team located in Ontario,
Quebec and Alberta in Canada. The trainers were located in
British Columbia in Canada. Each team received an
identical training programme between January and June
2011. The same trainer delivered the course which started
with a 2-h classroom instruction session followed by a 2-h
live session on a research dairy unit.

In the classroom, a presentation outlining the rationale and
protocol of the measures was given. Uncertainties about the
scoring of the different measures were discussed with the
help of eight photographs for each location. On day 1, the
trainees were tested with photographs of tarsal joint
(n =20), carpal joint (n = 20) and neck injury (n = 20) previ-

Repeatability of injury scoring of dairy cows 383

ously scored by the two trainers. Only nine trainees scored
the neck injury photographs. The agreement scores of the
two trainers were used as a reference standard and
compared with those scores given by the trainees. Later on
day 1, during the live session, trainees scored injuries on
cows (n = 20) in the research dairy unit. On day 2, the
trainees scored injuries on cows (n = 20) in the research
dairy unit. Six and seven days after day 1, trainees scored
20 cows each on two commercial farms (Day 7, Day 8).
Only nine trainees scored on Day 8. When the target of a
weighted kappa (K ) > 0.6 with the trainer was achieved,
the trainee was considered trained for that measure.
Trainees not reaching this target by Day 8, did not continue
to score injury on commercial farms.

The training took place on a total of three different research
dairy units (two tie-stalls and one free-stall) and six different
commercial farms (four tie-stall and two free-stall), all with
Holstein cattle. Firstly, the trainer and the trainees both
scored the same cows (n = 20) and results were compared.
Secondly, the trainer and trainees discussed the measures
that had low agreement during the classroom session and
that were more easily trained on-farm. Finally, the trainer
explained the sampling procedure, as well as practical, safety
aspects to take into account when approaching animals and
discussed any potential challenges that may be encountered
in the field (eg to gain optimum visibility of tarsal joints,
carpal joints and necks). In farms where lighting was poor,
observers were advised to shine a flash lamp towards the
assessment area to improve accuracy.

Refresher course and mid-way check

Once field data collection was in progress, the trainees were
re-assessed twice to ensure that they remained objective,
impartial and repeatable in their scoring. A refresher course
carried out 3—4 weeks after initial training was completed and
involved the trainees scoring Powerpoint presentations of
photographs of tarsal-joint (n = 32) injury. For the mid-way
assessment, which was completed between 5—15 weeks after
the initial training, trainer B accompanied the trainees on-
farm. The trainer and trainees scored tarsal joint (n = 80),
carpal joint (n = 80) and neck injury (n =40) on two commer-
cial farms. Repeatability between trainer and each trainee was
calculated and discrepancies were discussed.

Statistical analysis

The data were entered in Microsoft Excel (Microsoft 2007)
and analysed using SAS software (version 9.2; SAS Institute
2008). Both percent agreement and weighted Kappa coeffi-
cient (K ) will be presented to make it easier to cross-
reference to other studies. Percent agreement and K, was
calculated between trainers as well as between trainers and
trainees. The percent exact agreement was calculated as:
number of exact agreement/total number of observa-
tions x 100. K statistic was used to assess the extent to
which the proportion of agreement within or between
observers is better than chance. In this way, K is more
stringent than correlations or raw percentage agreement
alone (Hoehler 2000). The interpretation of K values
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Table 2 The percentage of tarsal joints, carpal joints and necks assigned each score during the training programme
based on trainer reference scores.

Injury measure Time point' n’ Injury ordinal scale®
0 I 2 3
Tarsal joint Day |, Day 2 355 478 12.5 345 52
Day 7, Day 8 136 572 13.5 28.5 0.8
Mid-way 442 393 20.4 37.8 25
Carpal joint Day |, Day 2 358 61.5 9.6 282 0.7
Day 7, Day 8 136 61.2 10 28.5 0.3
Mid-way 429 54.3 8.6 357 |.4
Neck Day |, Day 2 180 58.8 19.1 22.1 -
Day 7, Day 8 68 76.7 3.9 19.4 -
Mid-way 230 63.9 19.6 16.5 -

' On day | of the training programme, injury was scored from photograph as well as live, on day 2, 7 and 8 injury was scored live. Injury
was scored live during the midway assessment which was carried out 5-15 weeks after the training programme.

> n = number of tarsal joints, carpal joints and necks scored.

* Tarsal Joint Injury Score = (0) No swelling with minor or no hair loss or broken hairs; (I) No swelling or minor swelling with thick-
ness of < | cm with bald area; (2) Medium swelling thickness of 1-2.5 cm and/or lesion/scab on bald area; (3) Major swelling thickness
of > 2.5 cm. May have bald area or lesion.

Carpal Joint Injury Score = (0) No swelling with minor or no hair loss or broken hairs; (1) No swelling with bald area; (2) Swelling with
thickness of < 2.5 cm and/or broken skin or scab, may have bald area; (3) Major swelling with thickness of = 2.5 cm, with or without
bald area or lesion.

Neck Injury Score = (0) No swelling with minor or no hair loss or broken hairs; (1) bald area with no swelling; (2) Broken skin or scab

and/or swelling with or without bald area.

according to Landis and Koch (1977) is: < 0 = poor;
0.0-0.20 = slight; 0.21-0.40 = fair; 0.41-0.60 = moderate;
0.61-0.80 = substantial; and 0.81-1 = almost perfect. The
target level of K > 0.6 needed to be reached during training
and maintained at the midway check in order to ensure a
high level of agreement. The discrepancy between trainer
and trainee for each time-point during the training
programme (Day 1 [Photograph and Live], Day 2, Day 7,
Day 8, Refresher, Mid-way) was tallied for each combina-
tion of scores (0—1; 0-2; 0-3; 1-2; 1-3; 2-3) and converted
to a percentage of the total. A Kruskal-Wallis non-parametric
test was used to test the effect of the trainee’s previous dairy
experience (> four years or none) for each time point during
the training programme (Day 1 [Photograph and Live], Day
2, Day 7, Day 8, Refresher, Mid-way).

In addition to testing repeatability of the multi-
category ordinal scales for tarsal joint, carpal joint and
neck injury scores, the ordinal scales were collapsed to
form a binary scale. Tarsal joint and carpal joint scores
0 and 1 (no skin change, hairless patches) were
collapsed together and contrasted with the combined
score of 2 and 3 (broken skin or scabs with obvious
swelling). Combined neck score 0 and 1 (no skin
change, hairless patches) were contrasted with score 2
(broken skin or scab with or without swelling). This
way, only cows with severe differences from the
normal condition were classified as injured.

Results

Prevalence of tarsal joint, carpal joint and neck injury

The percentage of tarsal joints and carpal joints with no
injury ranged across all time points from 39.3 to 61.2%, for
bald area and minor swelling the range was 8.6-20.4%, for
medium swelling and/or lesion 28.2-37.8% and for major
swelling 0.3-5.2% (Table 2). The range for no neck injury
was 58.8-76.7%, no bald area was 3.9-19.6 and no swelling
was 16.5-22.1 across all time points (Table 2).

Intra- and inter-observer repeatability (for trainers)

Intra- and inter-repeatability of the trainers remained
consistently high (> 70%; K > 0.64) for all measures
throughout a six-month period. The mean exact agreement
between the trainers for tarsal joint, carpal joint, and neck
was 94, 93 and 100%, respectively. The mean K values
between the trainers for tarsal joint, carpal joint and neck
was 0.94, 0.81 and 1, respectively. The mean intra-observer
exact agreement for tarsal joint, carpal joint and neck
ranged from 81-97% and K  0.63-0.95 for trainer A and
from 85-100% and K 0.86-1 for trainer B.

Inter-observer repeatability (trainee and trainer)

The results of all trainees are presented in this paper
where possible. A few observers failed to record injury
score during some time points of the programme. Table 3
reports the average value of the K , confidence interval
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Table 3

(min-max) for tarsal joint, carpal joint and neck injury across the time points of the training programme for both
the ordinal scale and the binary scoring systems.

Mean number (n), weighted Kappa coefficient K  (95% confidence interval) and percentage agreement

Injury measure Time point' No observers n? Injury ordinal scale®

K, [95% CI] % [Min-Max]

Injury binary scale’

% [Min-Max]

Tarsal joint Day I: Photo 12 240 0.70 [0.49-0.92] 69.83 [55-85] 84.58 [75-95]
Day I: Live 12 532 073 [055-0.90]  78.17 [65-90] 88.57 [73.91-100]
Day 2 12 352 0.80 [0.62-0.96] 83.79 [70-100] 91.87 [76.67-100]
Day 7 12 489 061 [0.41-0.80]  75.33 [50-98] 81.10 [51.28-100]
Day 8 9 294  075[053-0.96] 8433 [73-92] 95.56 [84.62-100]
Refresher* 6 2 070 [0.50-0.90]  72.30 [31-88] 84.38 [78.13-90.63]
Mid-way* 6 669  0.68[053-0.83]  73.33 [64-82] 82.05 [66.18-96.08]

Carpal joint Day I: Photo 12 476 037[0.14-0.60]  56.58 [40-73] 68.28 [47.5-85]
Day I: Live 12 514 051 [041-071]  63.50 [31-96] 73.33 [43.75-100]
Day 2 12 331 0.48 [0.22-0.75] 71.17 [54-90] 81.69 [69.23-100]
Day 7 12 494 042[0.17-0.67] 6825 [53-93] 75.16 [55.56-100]
Day 8 9 294  058[0.34-081]  73.44 [64-87] 84.11 [65.38-95.65]
Mid-way* 6 669 0.69 [0.59-1.00] 80.83 [74-100] 86.21 [69.64-112.77]

Neck Day I: Photo 9 137 060[032-0.88]  73.86 [52-90] 83.06 [65-100]
Day I: Live 12 241 0.56 [0.26-0.86] 75.25 [40-92] 89.42 [73.91-100]
Day 2 12 166  0.60[0.26-0.89]  76.83 [46-100] 90.07 [73.68-100]
Day 7 12 237 054[022-081]  69.58 [39-95] 87.59 [43.48-100]
Day 8 9 144 075 [0.49-0.95]  85.44 [64-100] 87.90 [66.67-100]
Mid-way* 6 352 071 [052-0.90]  83.67 [68-96] 96.05 [66.67-100]

' On day | of the training programme, injury was scored from photograph as well as live, on day 2, 7 and 8 injury was scored live. Injury
was scored live during the mid-way assessment which was carried out 5-15 weeks after the training programme.

> n = number of tarsal joints, carpal joints and necks scored.

* Tarsal Joint Injury Score = (0) No swelling with minor or no hair loss or broken hairs; (I) No swelling or minor swelling with thick-
ness of < | cm with bald area; (2) Medium swelling thickness of 1-2.5 cm and/or lesion/scab on bald area; (3) Major swelling thickness
of > 2.5 cm. May have bald area or lesion.

Carpal Joint Injury Score = (0) No swelling with minor or no hair loss or broken hairs; (1) No swelling with bald area; (2) Swelling with
thickness of < 2.5 cm and/or broken skin or scab, may have bald area; (3) Major swelling with thickness of = 2.5 cm, with or without
bald area or lesion.

Neck Injury Score = (0) No swelling with minor or no hair loss or broken hairs; (1) bald area with no swelling; (2) Broken skin or scab
and/or swelling with or without bald area.

* Binary scale = 0 + | versus 2 + 3 for tarsal joints and carpal joints; 0 + | versus 2 for neck.

* This data only include observers that reached the K > 0.6 on Day 8 and continued to score for the rest of the study.

and percentage exact agreement. Percent exact agreement
ranged from low to high on day 1 (Photograph and Live)
for tarsal joints, carpal joints and neck (Table 3). Between
Day 2 and Day 7 agreement decreased but improved
again on Day 8 for tarsal joints, carpal joints and neck
(Table 3). When the binary scale was used agreement was
higher at all time points (Table 3). This shows that differ-
ences between trainees and the trainer were less for the
binary scale than for the full ordinal scale. A total of 10,
6 and 10 trainees reached the target agreement of K > 0.6
for tarsal joint, carpal joint and neck, respectively by Day

8. There is a higher level of discrepancy for carpal joint
injury score between trainer and trainees compared to
tarsal joint and neck injury (Table 4). More specifically,
there is a greater occurrence of discrepancy between 0—3
and 1-3 with carpal joint injury compared to tarsal joint
injury (Table 4).

The trainee’s previous dairy experience did not signif-
icantly affect repeatability of tarsal joint, carpal joint
and neck injury at any of the time-points during the
training programme (Day 1 [Photograph and Live],
Day 2, Day 7, Day 8, Refresher, Mid-way) (P > 0.05).
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Table 4 The occurrence (%) of discrepancies and agreement between trainer and trainee for each combination of
tarsal joint, carpal joint and neck injury scores.

Injury measure Time point' n? Injury ordinal scale®
0-1 0-2 0-3 1-2 1-3 2-3 Agree
Tarsal joint Day |: Photo 240 11.67 2.08 0 13.33 0 292 70
Day I: Live 532 6.02 1.88 0 9.59 0 1.32 81.20
Day 2 352 4.26 1.99 0 6.53 0 1.99 85.23
Day 7 489 6.75 10.02 0 8.38 0 0.82 73.62
Day 8 294 10.20 1.36 0 2.38 0 0.68 85.37
MW 667 7.65 4.80 0 11.99 0 1.95 73.61
Carpal joint Day |: Photo 476 8.40 11.34 0.63 19.54 0.21 2.94 56.93
Day I: Live 514 7.59 12.06 0.97 14.79 0.19 0.78 63.62
Day 2 331 12.08 10.57 0.60 6.65 0.30 0.30 69.49
Day 7 494 9.31 18.42 0.20 6.88 0 0 65.18
Day 8 294 10.88 6.80 0 8.5 0 0 7381
MW 669 9.87 15.10 0 4.63 0 0.60 69.81
Neck Day I: Photo 137 6.57 6.57 10.22 76.64
Day I: Live 240 16.25 7.92 292 72.92
Day 2 166 14.46 7.23 422 74.10
Day 7 237 13.92 10.97 2.53 72.57
Day 8 144 15.97 9.03 1.39 73.61
MW 352 8.8l 8.8l 3.69 78.69

' On day | of the training programme, injury was scored from photograph as well as live, on day 2, 7 and 8 injury was scored live.
Injury was scored live during the mid-way assessment which was carried out 5-15 weeks after the training programme.

2 n = number of tarsal joints, carpal joints and necks scored.

* Tarsal Joint Injury Score = (0) No swelling with minor or no hair loss or broken hairs; (1) No swelling or minor swelling with thick-
ness of < | cm with bald area; (2) Medium swelling thickness of 1-2.5 cm and/or lesion/scab on bald area; (3) Major swelling thickness
of > 2.5 cm. May have bald area or lesion.

Carpal Joint Injury Score = (0) No swelling with minor or no hair loss or broken hairs; (I) No swelling with bald area; (2) Swelling with
thickness of < 2.5 cm and/or broken skin or scab, may have bald area; (3) Major swelling with thickness of = 2.5 cm, with or without
bald area or lesion.

Neck Injury Score = (0) No swelling with minor or no hair loss or broken hairs; (1) bald area with no swelling; (2) Broken skin or scab
and/or swelling with or without bald area.

Discussion

Our training programme achieved good agreement between
trainer and trainees for tarsal joint injury and improved the
agreement between trainer and trainees for carpal joint and
neck injury. A high level of agreement was maintained
during a six-month period. The training programme was
equally successful in training people with and without dairy
experience. This demonstrates that high repeatability of
injury scoring can be achieved at a large regional or national
level despite the large distances between trainees and
trainers, and despite differences between trainees in their
prior experience with dairy cattle.

Additionally, it was best practice to remove people with poor
repeatability from scoring injuries: trainees not reaching the
target of K = 0.6 on Day 8, did not continue to score injury
on-farm but instead scored for a measure in which the target
level was achieved (eg Body Condition Score). It is

acknowledged that poor agreement may highlight that more
in-depth training is required. However, sometimes additional
training is not possible, so trainees that do not meet a target
level of agreement should not be used for scoring. It was
essential to our study that the two trainers achieve a high
inter- and intra-repeatability. The use of the trainers as the
reference point to assess agreement was appropriate in this
study as the trainees were located in different parts of
Canada. Trainers have also been used as the reference point
in other studies, for example in assessing donkey and pig
welfare (Pritchard et al 2007; Mullan ef a/ 2011).

During the six-month period after training, repeatability
was assessed at least twice for each trainee. As a comple-
ment to that, the trainees reviewed the protocols regularly
and scored injury on a weekly basis. The target level for
tarsal joints, carpal joints and necks was still achieved at the
mid-way assessment (5—15 weeks after initial training) for
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all trainees that met the training target on Day 8. In addition
to checking repeatability in person, our study highlights that
repeatability can conveniently be done remotely using a
Powerpoint presentation of good quality photographs as we
did in the refresher assessment.

The agreement between trainee and the trainer achieved
during the training programme is within the range of the
sparse information reported on repeatability of tarsal joint
injuries within the literature (Zurbrigg et al 2005; Thomsen
& Baadsgaard 2006; Rutherford et a/ 2008). Our intensive
training programme achieved a minimum repeatability of
73% and K= 0.53 for a four-point ordinal tarsal joint injury
scale by Day 8. Repeatability of carpal joint injury scores
was constantly lower than tarsal joint and neck injury
scores. However, repeatability of carpal joint injury scores
increased gradually over the training week but only six
trainees achieved the target level of agreement by Day 8.
Our carpal joint scoring system was adapted from a tarsal
joint injury scale because of the lack of scoring systems
available in the literature. It is possible that a more appro-
priate scale would be suited for carpal joint injury.
Alternatively, the reduced agreement for carpal joint injury
might be due to the fact that it is identical to the tarsal joint
scale apart from score 1 which differs slightly. The reduced
agreement may be attributed to forgetting this difference
between the scales or being too over confident and recalling
the scoring system incorrectly from memory.

The five-day break between Days 2 and 7 resulted in
decreased agreement for all injury scores on Day 7 but the
agreement improved again on Day 8. This highlights the
importance of continual practice, particularly during the
sensitive learning phase. It is extremely important that
repeatability be continually checked at specific time points
during data collection and it is not sufficient to carry out one
test of repeatability at the beginning. Many countries
worldwide have welfare audits being implemented at
national level, and often repeatability assessment is not
repeated once the assessor has been trained.

It was important that, throughout the training programme,
trainees were exposed to a sufficient number of animals from
each of the level of the scores. In the literature (see Table 4), tarsal
joint injury prevalence ranges from 23 to 78.1% in free-stalls
(Weary & Taszkun 2000; Lombard et al 2010) and prevalence up
to 57.7% in tie-stall (Zurbrigg et al 2005). The tarsal joint injury
prevalence during our study ranged from 42.8 to 60.7% when the
prevalence of tarsal joints with hair loss, lesion and swelling were
summed (score 1, 2, 3). There are few studies available on carpal
joint injury, however, Kielland ef al (2009) reported 35% preva-
lence of carpal joints with hair loss, swelling and lesions. This is
slightly lower than the range reported in our study from 38.5 to
45.7% when the prevalence of carpal joints with hair loss, lesion
and swelling are summed (score 1, 2, 3). The prevalence of neck
injury presented by Busato et al (2000) was 1.3% and by
Zurbrigg et al (2005) was 3.8% which is substantially less than
the 23.3-41.2% prevalence of neck injury in our sample.

The majority of the errors in scoring injury were between
neighbouring scores on the scale, eg 0 and 1, 1 and 2. In our
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study, lesion or scab size were not quantified unlike in
Wechsler et al (2000), Whay ef al (2003) and Potterton et al
(2011) and this may explain the discrepancies between scores
1 and score 2. For this reason, we collapsed the scale to a
binary scoring system and achieved higher agreement
between the trainer and trainees compared to our four-point
ordinal scale. For tarsal joints, 96% agreement on Day 8 is
higher than the agreement of 85% reported by Rutherford
et al (2008) for a similar binary tarsal joint injury score.
Similarly, Thomsen and Baadsgaard (2006) reported higher
agreement for observers when they collapsed an ordinal tarsal
joint lesion scale to form a binary scale (ie healthy or injured).
In general, the optimal choice for a scoring scale depends on
the purpose of the specific study. For example, in an epidemi-
ological study, more detail will be required at the individual
level, which may require an ordinal scale, whereas during a
welfare assessment audit, information will be required at the
herd level, for which a binary scale may be sufficient.

During the course of this work some practical factors
affecting the accuracy of injury scoring were identified.
Accuracy of injury assessment is dependent on good
lighting and the distance in which the cow can be
approached in free-stall systems, particularly those systems
in which cows cannot be head-locked or scored in the
parlour. Bald patches and lesions are more easily identified
on white hair with pink skin compared to black hair and
black skin. During assessment of swelling, one carpal joint
was compared to the other, however, carpal joints are not
always symmetrical which makes it very challenging to
assess swelling. It is important that neck assessment is
carried out by the observers when the neck of the animal is
relaxed (eg during eating). Scoring outstretched necks
during eating compared to scoring relaxed necks when
animals are in a head-up state may yield different assess-
ments particularly for swellings. This may have contributed
to the error in neck swellings between the experienced
trainers and the trainees.

Recommendations

This study describes a training programme that successfully
obtains a high level of repeatability between assessors and
trainers of injury scoring of dairy cows. This training
programme demonstrated the necessity to perform regular
repeatability assessment and that simpler scoring scales can
provide more reliable results when compared to a more
precise scoring scale. Therefore, it is recommended that on-
farm studies should use simple scales with a robust training
programme to include regular repeatability checks.

Animal welfare implications and conclusion

Accurate assessment of animal welfare is the first step to
improving animal welfare. Accredited assurance systems
using standardised welfare outcome measures for dairy
cattle could potentially be a useful way to deliver welfare
assessment of a large number of dairy cattle. However,
before this can be achieved standard procedures for training
and checking need to be developed to produce reliable data
and prevent bias in interpretation of results.
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