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a b s t r a c t

There is evidence that more than 47% of the sports horse population in normal work may be lame, but the
lameness is not recognized by owners or trainers. An alternative means of detecting pain may be recog-
nition of behavioral changes in ridden horses. It has been demonstrated that there are differences in facial
expressions in nonlame and lame horses. The purpose of this study was to develop awhole horse ethogram
for ridden horses and to determine whether it could be applied repeatedly by 1 observer (repeatability
study, 9 horses) and if, by application of a related pain behavior score, lame horses (n ¼ 24) and nonlame
horses (n ¼ 13) could be differentiated. It was hypothesized that there would be some overlap in pain
behavior scores among nonlame and lame horses; and that overall, nonlame horses would have a lower
pain behavior score than lame horses. The ethogram was developed with 117 behavioral markers, and the
horses were graded twice in random order by a trained specialist using video footage. Overall, there was a
good correlation between the 2 assessments (P < 0.001; R2 ¼ 0.91). Behavioral markers that were not
consistent across the 2 assessments were omitted, reducing the ethogram to 70 markers. The modified
ethogram was applied to video recordings of the nonlame horses and lame horses (ethogram evaluation).
There was a strong correlation between 20 behavioral markers and the presence of lameness. The ethogram
was subsequently simplified to 24 behavioral markers, by the amalgamation of similar behaviors which
scored similarly and by omission of markers which showed unreliable results in relation to lameness.
Following this, the maximum individual occurrence score for lame horses was 14 (out of 24 possible
markers), with a median and mean score of 9 (�2 standard deviation) compared with a maximum score of
6 for nonlame horses, with a median and mean score of 2 (�1.4). For lame horses, the following behaviors
occurred significantly more (P < 0.05, chi-square): ears back, mouth opening, tongue out, change in eye
posture and expression, going above the bit, head tossing, tilting the head, unwillingness to go, crooked-
ness, hurrying, changing gait spontaneously, poor quality canter, resisting, and stumbling and toe dragging.
Recognition of these features as potential indicators of musculoskeletal pain may enable earlier recognition
of lameness and avoidance of punishment-based training. Further research is necessary to verify this new
ethogram for assessment of pain in ridden horses.

� 2017 Elsevier Inc. All rights reserved.
Introduction

There is an increasing awareness that horses can exhibit lame-
ness when ridden, while appearing sound when trotted in hand
Sue Dyson, Centre for Equine
ket, Suffolk, United Kingdom.
(Dyson 2013, 2016, 2017; Dyson and Greve, 2016). In a survey of 506
sports horses in normal work and presumed to be sound, 47% were
overtly lame either in hand and/or ridden or had other pain-related
gait abnormalities (e.g., stiff and stilted canter) (Greve and Dyson,
2014), indicating that riders fail either to recognize or to acknowl-
edge the presence of pain-related gait abnormalities. Analysis of 57
dressage and show-jumping horses in normal work revealed that
65% exhibited lameness either in hand on the lunge or ridden; 47%
showed lameness ridden; and 7% were only lame ridden
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(Dyson and Greve, 2016). Horses that resist commands are often
labeled as problem horses, and horses that do not perform ac-
cording to an owner’s or trainer’s expectation are often exposed to a
more intense and sometimes punitive training regimen. Failure to
recognize that pain may be the underlying reason for poor
performance could, therefore, compromise equine welfare and
result in deterioration of the underlying problem.

Pain as an emotional experience is extremely difficult to objec-
tively assess in all species and self-reporting has become the most
objective way in adult humans (Hjermstad et al., 2011). In neonatal
humans (van Dijk et al., 2015), humans with dementia (Lichtner
et al., 2014) and in animals (Mathews et al., 2014; Dalla Costa
et al., 2014; Gleerup et al., 2014), we have to rely on observation
of behavioral changes. It has frequently been recognized by the
review of patient history that the presence of musculoskeletal pain
in horses has long predated its recognition because owners and
trainers have failed to recognize the significance of behavioral
changes during ridden exercise (Girodroux et al., 2009; Meehan
et al., 2009; Zimmerman et al., 2011; Dyson and Murray, 2012;
Dyson, 2012; Parkes et al., 2013; Dyson, 2014; Plowright and
Dyson, 2015; Barstow and Dyson, 2015; Dyson and Rasotto, 2016).
In horses, some behaviors such as bucking (Barstow and Dyson,
2015) and rearing (Jonckheer-Sheehy et al., 2012) have been asso-
ciated with musculoskeletal pain, and classical headshaking has
been associated with trigeminal neuralgia (Newton et al., 2000;
Berger et al., 2008; Aleman et al., 2013; Pickles et al., 2014). How-
ever, the association between other behaviors and pain, such as
unwillingness to go forward or being “above the bit,” has been
poorly documented. Frequently, such problems are ascribed to
training or rider problems (McLean and McGreevy, 2010; Hall et al.,
2013), rather than underlying pain.

Facial expression ethograms (Dalla Costa et al., 2016) and com-
posite ethograms (face and body; Van Loon and Van Dierendonck,
2015) to assess pain in stabled horses have recently been devel-
oped. Mullard et al. (2017) systematically developed and tested an
ethogram of facial expressions of ridden horses, using still pictures,
and this has been used successfully to differentiate between nonlame
and lame horses (Dyson et al., 2017). Composite ridden horse etho-
grams have been applied (Hall et al., 2013), often with a focus on
assessing stress responses (Visser et al., 2009; Ellis et al., 2014), but
no ridden horse ethogram exists in relation to musculoskeletal pain.
This needs to be achieved using evidence-based information, by
comparison of clinically nonlame horses and those with musculo-
skeletal pain. The present study aimed to develop an ethogram for
whole-horse behavior (facial, body, and gait) of ridden horses and to
assess its repeatability. It also aimed to determine whether the
ethogram could be used to develop a pain behavior score that could
differentiate between nonlame and lame horses in practice.

It was hypothesized that (1) therewould be some overlap in pain
behavior scores among nonlame and lame horses and (2) overall,
nonlame horses would have a lower occurrence of pain behavior
markers than lame horses.

Materials and methods

Ethogram development and testing

Development of the ethogram and pain/conflict behavior scores
An in-depth ethogram for ridden horse behaviorwas developed by

a Royal College of Veterinary Surgeons Specialist in Equine Ortho-
paedics and British Horse Society Instructor (Sue Dyson, SD) in
conjunction with a Diplomate of the American College of Veterinary
Behavior and Diplomate of the American College of Veterinary Wel-
fare (Jeannine Berger, JB) (Table 1 and Supplementary information
Table S1). This ethogram was based on previously published
descriptions of equine conflict behavior (Górecka-Bruzda et al., 2015)
and other behaviors in ridden horses (Warren-Smith et al., 2007;
McGreevy, 2007; Christoffersen et al., 2007; Visser et al., 2009;
McLean and McGreevy, 2010; Hall et al., 2013; Górecka-Bruzda
et al., 2015) or pain-related behavior (McDonnell, 2005; Bussières
et al., 2008; Lindegaard et al., 2010; Fureix et al., 2010; Jonckheer-
Sheehy et al., 2012; Egenvall et al., 2012; Dalla Costa et al., 2014;
Gleerup et al., 2014; Gleerup and Lindegaard, 2016; Barstow and
Dyson, 2015; Mullard et al., 2017; Dyson et al., 2017). During the
development, the ability to identify these markers was tested against
an extensive archive of video recordings of lame and nonlame horses.

The ethogram included an adaptation of the Facial Expression of
Ridden Horses (FEReq) ethogram (Mullard et al., 2017; Dyson et al.,
2017), together with further markers for general body language and
behavior while ridden. Behavioral markers could be summed up as
“facial markers,” “body markers” (head posture and movement, tail
position and movement [Figure 1]) and “gait markers” (e.g., speed
and regularity of rhythm, responsiveness, bucking, rearing, and
sudden stops).

To develop the ethogram, each behavior was carefully dissected
into several subbehaviors, in order to determine which “behavioral
descriptor”would bemost reliably and easily recognized and related
themost to lameness status of horses. For example, the “gait”marker
for “willingness ofmovement”was initially recorded as the following
submarkers: goes continually forward; has to be kicked; verbally
encouraged; hit with the whip; stops spontaneously and then goes
forwardwillingly; stops spontaneously and has to be kicked; verbally
encouraged to go forward; stops spontaneously and will not go for-
ward for >5 s; horse obeys rider’s cues for direction of travel; horse
veers off intended course; cuts corners; comes off the track; and no
longer following rider’s cues for direction of travel.

Repeatability study
A within-observer repeatability study was performed on video

recordings of 9 horses (3 nonlame and 6 lame) by a trained analyst
(Jessica Mullard, JM), an equine veterinarian who had undergone 1
year of postgraduate equine training and additional training in
equine behavior (Mullard et al., 2017). The occurrences of all 117
behavior markers (yes or no) were recorded twice in random order
and compared for consistency. For each horse, the ethogram was
scored separately in trot, where possible including straight lines and
10-m diameter circles, and canter on each rein, resulting in at least 4
analyses. A binary (yes/no) “occurrence score”was determined, and a
total “sum of occurrence” score and the mean occurrence score were
calculated.

Data analysis
The average time horses were observed was 5 � 2.8 minutes.

The occurrence score and the mean occurrence score were used for
analysis. For each individual horse, the occurrence of a behavior at
the first assessment was compared to that occurrence at the second
assessment, and the percent agreement for each horse and for each
behavior was calculated. A Spearman’s rank correlation between
the mean occurrence for assessments 1 and 2 for all behavioral
markers was performed (SPSS, 23. 2015; SPSS Inc, Chicago, Illinois,
USA). To assess further the consistency of individual behavioral
markers, the average deviation of assessment 2 from assessment 1
was calculated, and those behavioral markers which showed the
greatest deviation were identified.

Preliminary results and adaptation of the ethogram
The correlation coefficient for the mean occurrences between

the two assessments was significant at 0.91 (P < 0.001; Spearman
rho; Figure 2A). There was no measurement bias, with even dis-
tribution of values mostly within confidence limits (Figure 2B).



Table 1
Summary of the ridden horse ethogram

Head position relative to trunk: poll above withers, poll level with withers, and poll below withers
Height of poll relative to the rest of neck: poll highest point, poll lower than third and fourth cervical vertebrae
Head position: front of head vertical, front of head in front of/above vertical<30�; front of head>30� in front of/above vertical; front of head behind vertical<30�; front of

head behind vertical >30� e >10 seconds for each circumstance.
Head position: steady (staying in the same position for at least 30 seconds or moving less than twice), unsteady (moving � twice within 30 seconds), sporadic throwing

head up.
Repetitive head tossing up and down
Repetitive head shaking from side to side
Head position: straight, tipped to one side when viewed from the front for >10 seconds.
Ears: predominantly forward for 5 seconds, oscillating backward and forward and to side during 5 seconds, predominantly erect or to side for 5 seconds, predominantly

back for 5 seconds, predominantly erect or to side or back for 5 seconds.
Eye expression: normal, glazed (intense stare)
Eyes partially closed: yes/no
Eye sclera visible: yes/no
Mouth and lips closed; lips drawn back exposing closed teeth; open mouth but teeth together; open mouth and teeth apart: yes/no
Mouth: jaw crosseddyes/no
Tongue in, tongue lolling tip yes/no; tongue lolling large part yes/no
Tail carriage: no swishing but moving in rhythm, swishing, lashing (circular movement)
Tail clamped: minimal movement or rhythmic swinging movement with horse’s movement
Tail straight or tail to one side
Rhythm: normal, slow, hurried, change of rhythm in 10-meter circle versus 20 m circle/going large (change of frequency of steps within finite time),
10-meter circle: alteration of head posture, alteration of ears, eyes
Straightness: straight, crooked
Consistency of trot: maintains trot, breaks to walk, breaks to canter
Canter: difficulty in establishing canter
Canter: spontaneously breaking to trot
Canter: changing legs behind, becoming and remaining disunited (cross-cantering) - Changing legs behind repeatedly (i.e., true canterddisuniteddtrue canter)

- Changing legs in front and not behind

Canter straight: hind limbs in track of forelimbs; canter crookeddinside hind limb on different track to inside forelimb
Canter croup high: tubera sacrale higher than withers
Canter: loss of 3-beat rhythm; lack of suspension phase
Willingness to go: willing (no kicking, no verbal encouragement, and no use of the whip); unwilling (has to be kicked, hit with whip and/or verbally encouraged [record
number of times for each circumstance])
Resistances (stops spontaneously; more than 3 forward cues given before horse moves forward, or horse does not move forward)
Spookiness (looking at objects e.g., jump stands in corner and trying to avoid object by coming off track [i.e., no longer going around perimeter of arena]; veering off
prescribed path; resistance to follow directed path; evasions to specific cues from rider; real or perceived external trigger overriding rider’s cues)dyes/no
Bucking (both hind limbs raised off ground; single bucks, repeated bucks; height of hind limbs relative to hindquarters; buck and spin)dyes/no for each
Bucking and kicking outdyes/no
Rearing: yes/no
Salivation: yes/no (for period assessed)
Transitions: constant head and neck position, above the bit in transition, jumps in upwards transition, tail swishing
Stumbling: no, yes in front, yes behind
Bit position: central, pulled to one side

Assessments were made in trot and canter and on the left and the right reins independently. Differences between trot going around the periphery of the arena and in 10-meter
diameter circles were noted. Detailed description of the ethogram and the pain/conflict behavior scores are provided in Table S1, Supplementary Information.
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However, some clear outliers were identified and from the mean
scores, 27 behavioral markers showed up to �3 times the occur-
rence in Assessment 2 compared with Assessment 1 (Table 2). The
average agreement of all behavioral markers (yes or no) within each
horse was 92% � 12%. For individual behavioral marker occurrence
across all horses, 6 markers had low agreement (56%) and a further
17 markers had only 78% agreement for the single observer.
Figure 1. Three lame horses. (A) Tail swishing; mouth open exposing teeth and upper gum
tension in muscles dorsal and caudal to right eye. Left ear forward and right ear back. Front o
exposing teeth. Right nostril flared; wrinkle between nostrils. Right eye wide open, with tens
small rear with both forelimbs off the ground. Lips separated exposing teeth and tongue. Ang
in muscles dorsal and caudal to eye. Ears erect with pinnae rotated outward. No tension in
To develop the ethogram further, those markers that were not
consistent when assessed by an experienced assessor twice on
identical video recordings were omitted. In addition, markers of
similar features or movements which had identical results between
markers and with high consistency between assessments were
summarized to a single descriptor. For example, the nine markers
identifying different forms of ‘bucking’ all coincided with either
; teeth separated. Right nostril flared and angular with wrinkle below it. Intense stare;
f head vertical; right bit ring snug to cheek. (B) Tail swishing; spooking. Lips separated
ion in muscles dorsal to eye. Ears forward. (C) Resisting, unwilling to go forward, with a
ular flared right nostril with wrinkle below and between nostrils. Intense stare; tension
right rein.
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‘bucking’ and ‘bucking and kicking out’ and were therefore amal-
gamated. The second adapted ethogram was used for further
testing against lameness score (Supplementary information,
Table S2).
Ethogram application and correlation to lameness in 37 horses

Ethogram 2 (Supplementary information, Table 2) was applied to
video recordings of nonlame horses (n ¼ 13) and lame horses
(n ¼ 24). The video footage of the nonlame and lame horses was
assessed blindly by JM. The ethogramwas applied to trot and canter,
each on the left and right reins, trot circles to the left and to the right
and transitions between gaits, giving at least 4 scores per horse.

Test horse selection
Nonlame horses. All horses were examined by an experienced
lameness clinician (SD) moving in hand on a hard surface, after
flexion tests, on the lunge on both soft and hard surfaces, and ridden,
as previously documented (Dyson and Greve, 2016). Lame horses or
those with a stiff-stilted gait in canter or quadrupedally shorted
cranial phase of the step (Greve and Dyson, 2014)were excluded. The
selected horses ranged in age from 3 to 13 years (mean: 7 years,
median: 6.5 years) and comprised 10 geldings, 1 stallion, and 3
mares. Horses were all Warmbloods used for dressage (n ¼ 11) and
show jumping (n ¼ 2). Video recordings of the horses during ridden
Figure 2. (A) Correlation between 117 behavioral markers when assessing the same
video footage of 9 lame or nonlame horses twice by the same assessor. The correlation
coefficient was 0.91. (B) Bland-Altman plot of the occurrences of behavioral markers in
assessment 1 and assessment 2 (A1 and A2) in 9 lame or nonlame horses by 1 assessor.
exercise at working trot and working canter, going large in a 20 �
60 m arena, and in working trot in 10-meter diameter circles and/or
circular figures of 8 based on 10-meter circles were assessed for the
present study. All horses were ridden by their normal professional
riders in their usual work environment.

Lame horses. Video recordings of 24 horses were randomly selected
using a random number generator from 87 recordings of horses
which had undergone lameness investigation at the Animal Heath
Trust betweenMarch 2013 and February 2016. The video recordings
had been acquired for reasons unrelated to the present study.
Horses were included if there was footage of the horse ridden in
working trot and working canter going large in a 20 � 60 m arena,
and in working trot in 10-meter diameter circles and/or circular
figures of 8 based on 10-meter circles. The horses ranged in age
from 3 to 17 years (mean: 9.3 years, median: 9 years) and
comprised 18 geldings and 6 mares. Breeds included Warmbloods
(n ¼ 12), Irish Sports Horses (n ¼ 5), Thoroughbred cross (n ¼ 3),
Connemara (n¼ 2), Thoroughbred (n¼ 1), and Arab (n ¼ 1). Horses
were used for general purposes (including unaffiliated competition,
n¼ 9), eventing (n¼ 7), dressage (n¼ 5), show jumping (n¼ 2), and
racing (National Hunt) (n ¼ 1). All horses were ridden by one of the
4 skilled Animal Health Trust staff in an outdoor arena, in which
they had been ridden at least once before.

A lameness grade was ascribed to each horse by SD (a Royal
College of Veterinary Surgeons Specialist in Equine Orthopaedics)
being the lamest grade seen going large or in 20-m or 10-m
diameter circles, on a 0-8 scale (Dyson, 2011). Lameness grades
ranged from 1 to 4 (grade 1, n¼ 2; grade 2, n¼6; grade 3, n¼7; and
grade 4, n¼9), with a median of 3.

Video recordings
Videos were acquired with a high-definition video camera

(Panasonic HC-X900) (Panasonic HC-X900, Panasonic Corporation,
Hamburg, Germany.). Footage was acquired from behind and in
front of each horse and from the left and right sides. All footage for
each horse was analyzed; however, the duration of recordings was
different among horses.

Data analysis
Median time of video recordings for all samples was 4 minutes,

and 90% of horses were observed for 4 or more movements (trot
straight, trot circle, canter straight, and canter circle) on both reins. In
order to standardize the final scores and occurrences of behaviors for
data analysis, the set ideal number of observation movements was
determined as 4 for future reference. The following calculations were
carried out to standardize data and derive a final ethogram (3):

(1) Videos were not all of same length, and behavioral markers
were scored for each for each different movement (change of
gait). In order to account for this, the mean occurrence score of
any 1 behavioral marker across all recordings was used to
assess against lameness and determine relationships between
behaviors:

MEAN Occurrence Score ¼
�ðSum of Observed BehavioursÞ
Number of Movements scored

�

(2) Occurrence score: For each behavioral marker, a score of 1
(occurred) or 0 (did not occur) across all movements was
recorded per horse.

(3) Behavior score: Following analysis of (1) and (2), each behavioral
marker was assigned a lameness likelihood (LL) score from 1 to 3
to relate to prediction/likelihood of musculoskeletal pain in these



Table 2
The behavior markers which showed the lowest consistency when the same video
recordings of 9 lame or nonlame horses were assessed twice by the same, trained
observer in random order

Ethogram marker Assessment
1 mean
occurrence

Assessment
2 mean
occurrence

Mean
percent
difference

Both ears moving between upright,
to side and backward for 5 seconds

2.29 1.25 45

Poll lower than mid neck (Ce3-4) 3.20 4.67 46
Mild hind limb toe drag, not audible 2.28 3.35 47
Saddle moves mildly from side to side 5.33 7.88 48
Both ears forward for most of the time 1.32 0.67 49
Lips mostly opening and shutting with

or without slight separation of teeth
1.17 0.54 54
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horses, based on the results (positive correlation with lameness)
and previous research (Dalla Costa et al., 2014; Mullard et al.,
2017; Dyson et al., 2017). Behavioral markers, which in previous
systemsmay have been assigned a 0 (unlikely to be in discomfort)
and which showed low/zero affinity to lameness after analysis of
(1) and (2), were omitted. Initially LL scores were assigned as an
“hypothesis” to be tested against the data: 1 ¼ possible
discomfort; 2 ¼ likelihood of pain; 3 ¼ high likelihood of pain
(Supplementary information, Table S2). The aim was to correlate
individual scores to lameness and adjust scores accordingly post
hoc.

Behavior Score ¼ Mean Occurrence� Behavior Severity

Tongue repeatedly moving in and out

of mouth
0.33 0.13 62
Horse veers off intended course, for
example, cuts corners, comes off
the track, no longer following
rider’s cues

0.50 0.83 67

Head tipped to one side of the vertical
axis for >10 seconds

0.33 0.58 75

Front of head in front of vertical >30�

for >10 seconds
1.33 0.33 75

Large oscillation of saddle from side
to side

3.17 0.79 75

Has to be kicked, verbally encouraged,
and hit with the whip

0.50 0.90 80

Head oscillates from side to side for
>5 seconds

0.33 0.00 100

Front of head behind vertical
constantly varying in degree

0.33 0.00 100

Ears oscillating from front to back 0.00 1.08 100
Mouth constantly opening and

shutting <5 seconds
0.33 0.67 100

Saddle slips to one side on one or both
reins

1.33 0.00 100

Front of head vertical and
perpendicular to grounde180�

0.38 0.79 111

Frequency of steps � 40/15 seconds 1.03 2.68 160
Horse not heard to blow through

nostrils
2.37 6.30 166

Eye almond shape with periorbital
tension

3.03 8.63 184

Head up 0.17 0.50 200
Horse heard to blow through nostrils

several times
0.67 2.33 249

Tail held to right of dorsal midline for
>5 seconds

0.13 0.46 267
(4) In order to test the “hypothesis” set up in (3) that these be-
haviors correlate higher with lameness, a subset of summed
behavior scores were calculated for: (SumFacial), body markers
(SumBody), gait markers (SumGait), and the sum of scored
markers according to the severity scores (LL1, LL2, and LL3).

Independent samples comparison tests were applied to assess
overall scores between lame and nonlame horses (Kruskal-Wallis;
chi-Square; Spearman’s rank correlation, SPSS. 23.0, 2015). The
significance level was set at P < 0.05. The likelihood ratio of
occurrence of a behavior when lameness exists was calculated.

Results

Ethogram evaluation

Overall, there were significant differences between lame and
nonlame horses in the mean occurrence of 25 out of 75 behavioral
markers. Eight behavior groups strongly related to lameness (P <

0.001, Kruskal-Wallis) and a further 9 related significantly or close to
significantly to lameness (P < 0.09, Kruskal-Wallis, Table 3). All be-
haviors which would generally be seen as “normal” or “unrelated” to
lameness showed a negative correlation to lameness. These were
therefore omitted from the final Lameness ethogram and included
maintains trot, constant head and tail position, hindlimbs follow in
tracks of forelimbs, no bucking, no rearing, eyes not closed, goes
forward, and others. Analyzing the occurrence (yes/no; crosstab
chi-square) of markers also gave very similar results and allowed for
further amalgamation of similar behaviors (Table 3).

The total score and the facial, body, and gait sum scores were
assessed against lame and nonlame (sound) horses (Figure 3). There
was a significant difference in all summed behaviors between lame
and nonlame horses (P < 0.01, Mann-Whitney).

Evaluation of the LL scores led to the omission of further
markers, which were unlikely to contribute to lameness based on
previous research. The identification of individual markers and
their correlation with lameness resulted in the development of the
final ethogram 3 (Table 4) for application in the field.

Results for the application of final ridden pain behavior ethogram in
37 horses

There was a strong correlation between most behavior markers
and lameness, with all markers, apart from “head behind vertical
>5 s,” having higher occurrence in lame horses compared with
nonlame horses (Table 5).

The maximum individual occurrence score for lame horses was
14 (out of 24 possible markers) with median and mean scores of 9
(�2 standard deviation), compared with a maximum score of 6 for
sound horses with median and mean scores of 2 (�1.4). However, 1
lame horse scored only 4, although this horse was an extreme
exception among all lame horses. The sums of occurrence counts
(yes/no) for behavioral markers according to face, body, and gait
were all significantly higher for lame horses than for sound horses
(P < 0.05, Mann-Whitney, Figure 4).
Discussion

In accordance with our hypotheses, there was some overlap in
pain/conflict behavior occurrences among nonlame and lame
horses; however overall, nonlame horses had a lower pain/conflict
behavior score than lame horses. All horses are capable of these
identified behaviors (see Table 4, ethogram 3), but a horse in pain is
likely to show more behaviors and more severe behaviors. Differ-
entiation between conflict behavior, discomfort associated with
tack, quality of riding and training versus pain-related behavior
remains potentially challenging; however, the presence of an
unsteadydconstantly changingdhead carriage, being markedly
above the bit, or tipping the head on one side were strongly asso-
ciated with lameness.



Table 3
Mean and actual occurrence of 18 behavioral markers for 37 horses (24 lame and 13 nonlame) when scored from video recordings by a trained, blinded observer (behaviors
with the same superscripts were amalgamated in the final ethogram)

Behavior Mean occurrence of behavioral markers Percent occurrence (yes/no) per group Lameness
likelihood

Lame Sound K-S chi-square Asymp.
Significance

Lame Sound Cross-tab
chi-
square

Exact significance
(2 sided)

AHead moves > twice in 30 seconds 0.61 0.09 16.2 0.000 92 23 18.0 0.000 4.0
BHind limbs do not follow tracks of

forelimbs but deviated to left or
right; on 3 tracks in trot

0.24 0.00 12.2 0.000 63 0 13.7 0.000 High

BHind limbs do not follow tracks of
forelimbs; on 3 tracks in canter

0.21 0.00 14.9 0.000 71 0 17.1 0.000 High

Stumbles or trips/catches toe
repeatedly

0.82 0.06 14.7 0.000 79 8 17.3 0.000 10.3

Head tipped to one side of the vertical
axis for >10 seconds

0.09 0.00 7.0 0.008 42 0 7.4 0.007 High

ASporadic head up 0.18 0.00 7.0 0.008 42 0 7.4 0.007 High
Mouth constantly opening and shutting

for >5 seconds
0.38 0.09 6.4 0.011 63 15 7.5 0.014 4.1

AHead repeatedly tossed up and down 0.18 0.00 5.3 0.022 33 0 5.5 0.032 High
Has to be kicked, verbally encouraged,

hit with the whip; mild, moderate,
severe

0.14 0.01 4.9 0.027 42 4 4.7 0.057 10.0

Both ears back for 5 seconds 0.11 0.00 4.5 0.034 29 0 4.6 0.038 High
Saliva not seen at lips 0.66 0.33 4.2 0.039 79 38 6.1 0.028 2.1
Both ears moving between forward,

upright, and to the side for 5 seconds
0.55 0.30 3.8 0.052 88 62 3.3 0.081 1.4

Tubera sacrale higher than withers 0.11 0.01 3.5 0.063 33 8 3.0 0.119 4.3
CHorse breaks spontaneously from

canter to trot
0.04 0.00 3.0 0.082 21 0 3.1 0.140 Moderate

Sclera exposed 0.05 0.00 2.4 0.125 17 0 n.s. Moderate
CSpontaneously breaks from trot to

canter
0.05 0.00 2.4 0.125 17 0 n.s. Moderate

AFront of head above vertical constantly
varying in degree

0.06 0.00 1.7 0.190 13 0 n.s. Moderate

Irregular forelimb rhythm due to
episodic hopping-type gait

0.06 0.00 1.7 0.190 13 0 n.s. Moderate

n.s., not significant.
The likelihood of occurrence of each behavioral marker in lame horses is summarized (Lameness likelihood).
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The front of the head being behind a vertical positionwas not an
indicator for lameness. It occurred significantly more in the non-
lame dressage and show-jumping horses, horses which were
trained to work in this head position. A skillful rider can alter the
position of a nonlame horse’s head from this position to the front of
the head being in a vertical position, while maintaining contact via
Figure 3. Differences in scored mean behavior from ethogram 2, after summing up
behavior into all behaviors scored (SumScored), facial, body, and gait for 37 horses (24
lame and 13 sound [nonlame]).
the reins with the bit (König von Borstel et al., 2011; Kienapfel et al.
2014). It has been observed that some lame horses adapt by posi-
tioning the head behind the vertical, and the rider is unable to alter
this position (Dyson, 2016). In more difficult maneuvers (e.g., a 10-
meter diameter circle versus a 20-meter diameter circle), the head
goes more behind the vertical. In these situations, the rider often
comments that the rein contact is abnormally light, a feature which
is difficult to assess from video recordings but could be measured
using rein tension gauges (König von Borstel and Glißman, 2014).
Abolition of pain by diagnostic analgesia has resulted in observa-
tions that the head becomes more vertical, with a stronger contact
via the reins. To verify this observation, it needs to be tested in a
controlled study before and after diagnostic analgesia has abolished
lameness; the marker has therefore been retained in the ethogram
but descriptors should be adapted to “head behind vertical despite a
loose rein contact” because this may be visible to an observer.

Other features that were strongly associated with lameness
included ears back, the mouth repeatedly opening, exposure of the
tongue or the tongue moving in and out of the mouth, crookedness
(on 3 tracks), an increased frequency of steps at trot (hurrying) or
changes in frequency, incorrect canter, unwillingness and re-
sistances, spontaneous breaking from one gait to another, and
stumbling and toe dragging. However, some of these features could
also be influenced by the type of bit and its use, the rider’s skill and
balance and use of their hands.

Putting the ears back has been a consistently reliable finding in
studies of pain in nonridden horses (Fureix et al., 2010; Gleerup
et al., 2014; Dalla Costa et al., 2014, 2016) and appears also to be a



Table 4
Ethogram 3: equine ridden pain behaviordfinal ethogram of 24 behavioral markers for scoring in ridden horses

Area Behavior descriptor

Bodyehead Repeated changes of head position (up/down)
Head tilted or tilting repeatedly
Head in front of vertical (>30�) for >10 seconds
Head behind vertical for >10 seconds
Head position changes regularly, tossed or twisted from side to side, corrected constantly

Facialeears Ears rotated back or flat (both or one only) >5 seconds; repeatedly lay flat
Facialeeyes Eye lids closed or half closed for 2-5 seconds

Sclera exposed
Intense stare for 5 seconds

Facialemouth Mouth opening and shutting repeatedly, for more than >10 seconds
Tongue exposed and/or moving in and out

BodyeTail Tail clamped tightly to middle or held to one side
Tail swishing large movements: repeatedly up and down/side to side/circular; during transitions

Gait A rushed gait (frequency of trot steps >40/15 seconds); irregular rhythm; repeated changes of speed
Gait too slow (frequency of trot steps <35/15 seconds) passage-like trot
Hind limbs do not follow tracks of forelimbs but deviated to left or right; on 3 tracks
Spontaneous changes of gait (e.g., breaks from canter to trot)
Canter repeated leg changes: repeated strike off wrong leg; change of leg in front and/or behind; crooked; disunited
Stumbles or trips/catches toe repeatedly

Gaiteobedience Sudden change of direction, against rider direction
Reluctant to move forward, stops spontaneously
Rearing (both forelimbs off the ground)*

Bucking or kicking backward (one or both hind limbs)*

Other Bit pulled through the mouth on 1 side (left or right)

* Due to very low occurrence of these behaviors (but only in lame horses), they remain in the ethogram to be tested further in future applications.
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useful marker for the potential presence of pain in ridden horses
(Dyson et al., 2017). An intense stare and exposure of the sclera,
features which were significantly different between lame and
nonlame horses when assessing still photographs (Dyson et al.,
2017), were only seen in lame horses in the present study.
Closure of the eyelids was not observed in our horse population,
although partial or complete closure of the eyelids was a reliable
feature reflecting pain based on analysis of photographs of ridden
horses (Dyson et al., 2017) and in horses after castration (Dalla Costa
et al., 2014). Therefore, it was decided to retain this measure for
further assessment in future studies. A comparison of the applica-
tion of the Horse Grimace Scale between still images and video
footage of horses with laminitis showed that there was less
consistency in the analysis of the video recordings (Dalla Costa
et al., 2016). In the present study, the video recordings were not
acquired specifically for the study, and real-time analysis of ridden
horses working or assessment of footage which focused more on
facial expression from the side and front would merit further
testing. Assessment of blink rate was not performed but may be
useful for future studies. Increased blink rate has been linked
positively to the amount of dopamine in the basal ganglia of the
brain (Swerdlow et al., 2003), and dopamine levels may increase as
a result of pain (Raekallio et al., 1997). Therefore, measuring blink
rate should be explored in relation to pain in horses. However, care
needs to be taken to account for temperament because anxious
horses may display a greater blink rate response to stress compared
with more stoical horses (Roberts et al., 2016). Eye temperature
measured through thermography may also be an additional indi-
cator of stress or pain in ridden horses (Hall et al., 2014).

The frequency of steps at the trot and alterations in rhythmwere
markers assessed in the initial ethogram. This was based on a pilot
assessment of the step frequency of nonlame horses but is not
necessarily applicable to shorter limbed ponies. In the pilot study to
develop the ethogram, many lame horses seemed to change fre-
quency of steps in 10-meter diameter circles, usually slowing the
rhythm. However, our within-observer repeatability study did not
show that this could be measured consistently, and the occurrence
was barely recorded in the study between lame and nonlame
horses. We did observe a 4-fold increase in repeated changes in
rhythm (slower or faster) in trot in lame horses compared with
nonlame horses (P < 0.001), and therefore, this may be an impor-
tant marker indicating lameness.

Unwillingness to go forward (having to be kicked repeatedly,
verbally encouraged, or hit with a whip) and resistance (e.g.,
spontaneously stopping) were significantly associated with lame-
ness. There were other features which occurred less often and did
not show statistical significance, for example, bucking and kicking
out, rearing, and failing to respond to rider’s directional cues
(spookiness) but which may show significance if the ethogramwas
applied to a larger number of lame horses. Bucking� kicking out in
canter was observed in 35% of horses with primary sacroiliac joint
region pain (Barstow and Dyson, 2015). In a questionnaire survey of
a sample of approximately 780 leisure horses in the week prior to
data collection, owners reported frequent shying (7%), bucking
(<2%), rearing (<2%), refusing to go forward (<2%) (Hockenhull and
Creighton, 2013). Failure to recognize these as potential manifes-
tations of pain could result in punishment-based training.

Some features, such as moving crookedly, on 3 tracks, were only
seen in lame horses (86%) in the present study. This does not mean
that they could not occur in a nonlame horse, just that they are more
likely to occur in a lame horse, especially if seen in conjunction with
other behavioral markers. The occurrence of tail swishing (up and
down) was not significantly different between lame and nonlame
horses but was seenwith approximately twice the frequency in lame
horses. However, tail lashing and repeated circling movements did
occur significantly more in lame horses than in nonlame horses,
suggesting that it is important to differentiate these movements.
Holding the tail clamped or to one side was also more likely to occur
in lame horses in accordance with other observations. From January
2015 to July 2017, 104 of 420 lame horses (24.8%) had a crooked tail
(repeatedly held to one side) comparedwith 5 of 100 (5.0%) nonlame
horses (Dyson, unpublished data, 2017).

Some lame horses had the front of the head in front of the
vertical (“above the bit”) all or most of the time, whereas others
sporadically threw the head up. The latter reaction could be seen as
an aversive behavior to the bit (Cook and Mills, 2009) but was not
observed in the nonlame horses. The mouth repeatedly opening
and the tongue protruding were both significantly associated with



Table 5
Results of the application of the final ridden behavior ethogram to video recordings of 24 lame and 13 nonlame horses by an experienced assessor (listed in the order of
significance between groups)

Behavioral markers Mean occurrence Percent occurrence (yes/no) per group Lameness
likelihood

Lame Sound KS-Chi-square Asymp.
Significance

Lame Sound Cross-tab
chi-square

Exact significance
(2 sided)

Head position changes repeatedly,
tossed or twisted from side to side,
corrected constantly

1.21 0.11 18.83 0.000 96 31 18.10 0.000 3.1

Hind limbs do not follow tracks of
forelimbs but deviated to left or
right; on 3 tracks

0.45 0.00 18.98 0.000 83 0 23.60 0.000 Lame only

Stumbles or trips/catches toe
repeatedly

0.42 0.03 14.72 0.000 79 8 17.30 0.000 10.3

Repeated changes of head position (up/
down)

0.43 0.00 11.03 0.001 58 0 12.10 0.000 Lame only

Head behind vertical for >10 seconds 0.35 0.81 9.61 0.002 46 92 7.70 0.010 0.5
Head tilted repeatedly to 1 side (nose to

left or right of poll/twisted)
0.15 0.01 8.23 0.004 58 8 8.90 0.004 7.6

Head too high (front of head >30� in
front of vertical) >10 seconds

0.49 0.08 8.33 0.004 63 8 10.30 0.002 8.1

Mouth opening and shutting
repeatedly, constantly >10 seconds

0.38 0.09 6.41 0.011 63 15 7.50 0.014 4.1

Reluctant to move forward, stops
spontaneously

0.16 0.01 5.92 0.015 46 8 5.59 0.027 6.0

A rushed gait with irregular rhythm;
repeated changes of speed

0.27 0.08 5.65 0.018 63 15 7.53 0.040 4.1

Spontaneous changes of gait 0.08 0.01 3.59 0.058 38 8 3.80 0.065 4.9
Tongue exposed and/or moving in and

out
0.13 0.00 3.03 0.082 21 0 3.10 0.140 Lame only

Canter repeated leg changes; strike off
wrong leg; change of leg in front and/
or behind; disunited; crooked

0.04 0.00 3.03 0.082 21 0 3.13 0.140 Lame only

Tail clamped tightly tomiddle or held to
one side

0.14 0.05 2.44 0.118 33 8 3.02 0.087 4.3

Sclera exposed 0.05 0.00 2.36 0.125 17 0 2.40 0.276 Lame only
Ears rotated back or flat (both or one

only) >5 seconds; repeatedly lay flat
0.21 0.15 2.08 0.149 54 23 3.30 0.090 2.3

Bucking or kicking backward (one or
both hind limbs)

0.04 0.00 1.72 0.190 13 0 0.538 Lame only

Sudden change of direction 0.09 0.02 1.59 0.207 33 15 1.40 0.440 2.2
Frequency of trot steps<35/15 seconds,

passage-like trot
0.02 0.00 1.11 0.291 8 0 0.532 Lame only

Tail swishing large movements:
repeatedly up and down/side to side/
circular; during transitions

0.06 0.01 0.73 0.392 17 8 0.638 2.2

Intense stare for 5 seconds 0.01 0.00 0.54 0.462 4 0 1.000 Lame only
Rearing (both forelimbs off the ground) 0.01 0.00 0.54 0.462 4 0 1.000 Lame only
Bit pulled out of the mouth on 1 side

(left or right), can be seenmore bit on
1 side

0.01 0.00 0.54 0.462 4 0 1.000 Lame only

Eye lids closed for 2-5 seconds 0.00 0.00 0.00 1.000 0 0 1.000 Did not occur
Max occurrence percentage of markers/sum Lame/sound

SumScore 5.04 1.43 24.68 0.000 58 25 31.00 0.001
0.015

� 2.3

SumFacial 0.78 0.25 7.39 0.007 57 14 12.30 0.015 � 4
SumBody 2.84 1.07 18.73 0.000 86 43 23.30 0.000 � 2
SumGait 1.56 0.16 24.55 0.000 70 20 33.30 0.000 � 3.5
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lameness (P < 0.01). It has been suggested that such evasions could
also be a reaction to the presence of a bit (Manfredi et al., 2009;
Cook and Mills 2009; McGreevy et al. 2012; Eiseri}o et al., 2013) or
an ill-fitting noseband (Casey et al., 2013; Fenner et al., 2016;
Doherty et al., 2017; McGreevy et al., 2017). However, such
evasive behavior may prompt owners to introduce nosebands such
as a crank noseband with a flash or to tighten nosebands rostral to
the bit.

Overall analysis for different bridles showed no clear relation-
ship with lameness due to the small horse numbers in the present
study and low occurrence of certain types of bridles. However, a
crank noseband plus flash occurred 63% more in lame horses,
whereas a flash noseband occurred 63% more in nonlame horses.
More research is required, with a larger horse population and
collecting history of bridle usage, before links between bits or
nosebands and mouth movements or lameness can be established
or eliminated.

The behavior of a horse can potentially be influenced by the
rider’s skill, the rider’s ability to follow the rhythm of the horse, and
the rider’s bodyweight: horse bodyweight ratio. In the present
study, all lame horses were ridden by 1 of the 4 skilled Animal
Health Trust staff, although the majority had also been assessed
ridden by the normal rider. The nonlame horses were ridden by
professional riders. Saddle fit, bit type and fitting, and oral painmay



Figure 4. Occurrence counts for the sum of the occurrence of 24 behavioral markers from the final ethogram (SumScore), the sum of facial markers (SumFacial), the sum of body
markers (SumBody), and the sum of gait markers (SumGait), compared between lame (n ¼ 24) and sound (nonlame; n ¼ 13) horses. (The dotted line indicates possible occurrence
score [8] at which lameness/pain is likely).
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also be influential. None of the horses in the present study had
evidence of oral pain. Saddle fit was assessed in all horses; if poorly
fitting, the owner’s saddle was replaced by a better-fitting saddle.

There were a number of features that were not assessed but
which are of potential clinical relevance. Tooth grinding, breathing
noises, and grunting were not evaluated because they could not be
heard reliably from the video recordings. Disproportionate sweat-
ing relative to the level and amount of work and fitness was not
recorded, although this has been observed in lame horses, dis-
appearing after abolition of pain using diagnostic analgesia (Dyson,
unpublished data). It is obviously a feature which would be also
influenced by environmental temperature, relative humidity, wind
speed, and hair coat length. There are features that may be felt by a
rider: episodic shooting forward, not taking a contact, symmetri-
cally hanging on the reins, hanging on one reinmore than the other,
tension, reduced range of motion of thoracolumbosacral vertebral
column (“back stiffness”), lack of hindlimb impulsion, and being on
the forehand (Dyson 2016, 2017). There are also features of gait that
are difficult to reliably measure without high-speed video, such as
alterations in canter (e.g., temporal and spatial separation of the
hind limbs during the stance phase).

Definitive differentiation between pain or discomfort induced
by tack and other innate behavioral reasons cannot be made on the
basis of this study. When a horse is learning a new movement, it
may misunderstand the rider’s cues or find it physically difficult
due to the unaccustomed use of specific muscle groups, which may
result in delayed onset muscular stiffness (Szymanski 2001;
Mizumura and Taguchi, 2016). Conflict behavior (Górecka-Bruzda
et al., 2015) or resistant behavior may be displayed, but persis-
tence of such behaviors would not be expected unless there was an
underlying pain-related problem.

The final ethogram was based on 24 behavioral markers. The
results suggest that a sum of occurrence score of � 8 during a work
period of 5 minutes would be highly suggestive of the presence of
musculoskeletal pain (Figure 4, SumScore). We consider that it is
important to observe horses from all perspectives (from in front,
behind, and the side), performing at least trot and canter and
transitions between gaits both going around the periphery of an
arena and performing 10-meter diameter circles in trot to ascertain
comprehensive scoring. Some horses show more signs consistent
with pain in canter compared with trot or vice versa. However, pain
may only be manifested in some horses doing more specialized and
physically demanding movements (e.g., collected trot half-pass and
canter flying changes); so, inclusion of these in the assessment for
some horses is recommended. Ideally, the ethogram should be
tested prospectively using controlled work conditions by both
trained and nontrained assessors.

The study had some limitations. The video recordings were not
of standardized length and were focused on demonstration of the
gait rather than aspects of behavior such as facial expressions. The
footage for the nonlame horses was generally longer than that of
the lame horses, giving a greater time for a horse to exhibit a
behavior. This was partially overcome through the method of data
analysis, in particular taking a mean of all recorded sections
initially, and therefore, the results are valid within the context of
this study and in order to develop and test the ethogram.

In conclusion, the final ethogram of 24 behavioral markers has
been developed through a series of systematic steps and observa-
tions from 117 initially noted potential behavioral markers, in order
to obtain an ethogram for practical application in the field.
Although many of the final behaviors have anecdotally been high-
lighted as resistance behaviors before, our findings confirm for the
first time empirically that there could be a link to pain. Ideally, the
frequency of behaviors should be assessed in a fixed period, sepa-
rately for both trot and canter. If � 8 of the 24 identified behaviors
linked to painwithin this study are observedmore than oncewithin
a fixed period of 3-5 minutes, it may be advisable to seek out a
specialist for assessment of pain (lameness) in the horse. Abolition
of behaviors after diagnostic analgesia that eliminated lameness
would identify behaviors most strongly associated with musculo-
skeletal pain. This is the subject of a separate study.

It is considered important that those interacting in any waywith
horses or responsible for horses are educated about the signs that
may reflect pain when horses are ridden (e.g., ears back, mouth
opening, tongue out, change in eye posture and expression, going
above the bit, head tossing, tilting the head, unwillingness to go,
crookedness, hurrying, changing gait spontaneously, poor quality
canter, resisting, and stumbling and toe dragging). If changes in
body postures and resistance to following commands could be used
to alert riders of potential pain, then the welfare of horses could be
significantly improved. Horses would not fall victim to harder
training practices that could further aggravatemusculoskeletal pain
or to a punishment-based training regimen to address the animal’s
unwillingness to follow commands of the rider.
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