
Validation of the Horse Grimace Scale: 

exploring the effects of training and 

previous experience 

Rochelle McKeown 

Supervisor:  Dr. Nigel Adams, PhD 

Co-supervisor:  Dr. Caralyn Kemp, PhD 

Advisor:  Kristina Naden, BVN 

A thesis submitted in partial requirement for the fulfilment for the degree of 

Master of Osteopathy, Unitec New Zealand, 2022  

School of Healthcare and Social Practice 

Unitec New Zealand 

2022 



ii 

ACKNOWLEDGEMENTS 

My biggest thanks go to my supervisor Nigel Adams, co-supervisor Caralyn Kemp, and 

advisor Kristina Naden, for their infinite time and patience during what has been a most 

unusual and hectic past couple of years for many during the global pandemic. I truly 

appreciate everything that you as a team and as individuals have done for me, from 

cheerleading me, patiently answering my questions, coaching, contributing to, and 

guiding this work. Your support was integral, and I feel blessed to have been able to work 

alongside such a committed and invested supervision team. 

I would also like to thank John Waugh, for his support and encouragement during the 

initial stages of this project as a supervisor.  Thank you for believing that this thesis 

would come together right from the start. 

Thank you to the team at Segar House and the other professionals and friends who have 

provided me with personal support along this journey. I wish I could name all of you, and 

I would like to give special mention to Sue Beresford, Kirsten Pierre-Louis, and  

Yulia Krivoshchekova. You all have my sincere appreciation for keeping me grounded 

and without you all I would not have come this far. 

Thanks to all the members of the equine community and public who volunteered their 

time to participate in the survey. 



iii 

ABSTRACT 

A limited number of validated pain assessment tools for horses to date can complicate 

welfare decisions. The Horse Grimace Scale (HGS) uses different elements of facial 

expression (facial action units) to score the degree of pain experienced by horses. 

However, the potential impact of previous equine knowledge on the use of the HGS, as 

well as the effectiveness of training in the use of the scale, has not yet been explored.  

My study used an anonymous online survey to investigate the effect of training as an 

equaliser of scoring between participant groups with different previous knowledge and 

experience of horses, comprised of veterinary professionals, equine physical therapists, 

horse owners and riders, animal welfare inspectors, and a participant control group. 

Before and after they received training, participants visually rated the HGS using short 

video clips of horses 24 hours after castration (treatment subjects), and horses not known 

to be in pain (non-treatment subjects). 

Participant group, exposure to training and the condition (non-pain versus 24 h post 

castration) of the horse had a small but significant effect on scoring of the HGS. All 

participant groups scored pain in treatment horses (24 h post castration) higher than non-

treatment (pain free) horses both pre and post training. Training resulted in HGS scores of 

both treatment and pain free horses to increase. Contrary to expectations, the control 

group (limited or no exposure to horses) scored treatment horses at a higher HGS score 

than other participants groups, although this difference reduced post training. The reason 

for the increase in HGS for pain free horses after training remains obscure but may arise 

from participant biases, with participants more likely to score pain in horses after training 

explicitly conducted to evaluate pain. Participant agreement (ICC) was strong particularly 

for ears back before and after training. However, this does not necessarily reflect 

accuracy of HGS scoring. In sum, my results indicate that training led to decreased 

uncertainty of participants when scoring HGS scores, training resulted in increased HGS 

ratings whether the horse was expected to be in pain or not, and the nature of the training 

used in this study was not sufficient for raters to score the HGS accurately. 
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SECTION ONE:  BACKGROUND LITERATURE 



1 

1.0 Introduction 

The recognition and assessment of pain in animals is crucial to their welfare and the 

development of safe, effective pain management strategies1,2. Currently, there are a lack of 

validated models that can accurately and reliably detect pain in animals in real time. This 

means that there are significant limits to the development and effective use of analgesic 

medication, pain monitoring, and therefore ethical pain management in animals, both in 

ordinary care and for biomedical research3,4. 

Several fields associated with animal welfare, such as veterinary sciences and complementary 

and alternative physical therapies, ultimately aim to restore maximal physical functionality 

and decrease pain or suffering in animals5. However, the effectiveness of pain reduction is 

difficult to measure without standardised, validated pain assessment tools. Unreliable or 

inaccurate pain assessment may compromise the practitioner’s ability to make informed 

decisions regarding the progression of treatment, the need for further intervention or referral, 

and the effective management of the painful condition through treatment protocols. 

Therefore, further steps towards validating pain scales for animals may assist with their 

overall management and welfare. 

One means of pain assessment in horses and other animals is the use of species-specific 

visual scoring of different components of facial expressions4,6,7. This has the potential to be a 

valuable pain assessment tool since people are thought to be able to be rapidly trained to 

score facial expressions without specialist knowledge or equipment6. However, the use of 

facial expressions to rate pain requires further research before it can be considered a reliable 

approach.   
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2.0 Overview of animal pain assessment 

2.1 Defining pain 

Pain is a subjective individual experience which is known to impact humans and other 

animals8,9. Pain has unpleasant sensory and emotional components that can be related to 

actual or potential tissue damage8,10. This unpleasant experience influences behaviour and 

physiology to avoid potential or further damage to tissue integrity and to promote recovery8. 

Although this is a useful function, sometimes the intensity or duration of pain is not 

proportionate to the damage sustained8,11. When pain is not directly related to tissue damage 

due to other influencing factors such as emotional and cognitive states, it may become 

counterintuitive. Sometimes pain continues when the threat of tissue damage has been 

alleviated, which can lead to long term dysfunctional compensatory patterns8,11. Intervention 

may assist with faster healing by aiding the body’s physiological healing responses (decrease 

nociception by physically reducing the sensory pain signals sent to the brain), or, in some 

cases, may assist the body with adjusting the emotional signals that no longer serve a purpose 

in relation to tissue protection8,11,12.  

Pain in animals is usually assessed via direct provocations to the painful site, behavioural 

assessment, and/or movement assessment1,13,14. These are useful indications for animal carers 

and clinicians to estimate pain intensity.  Since animals are unable to communicate verbally, 

some pain expression might be individualised based on the personality of the animal14. 

Furthermore, based on personality characteristics, some animals (particularly prey species) 

may be more likely to hide pain than others14,15. Individual differences between animals also 

may make some invasive pain assessment strategies, such as provocation through direct 

palpation, riskier for the assessor16,17. Thus, an availability of multiple validated pain 

assessment tools can expand the repertoire of understanding pain presentations in animals.  

2.2 Why animal pain is worth measuring 

The amount of pain experienced by an animal needs to be measured in a consistent and 

quantifiable manner. Without the ability to assess pain in this way, it is more difficult to track 

the improvement or worsening of a painful state16,18. Therefore, an appropriate recovery plan, 

including objective progress measures of pain, cannot be implemented. When pain 

assessment tools are valid, these objective measurements for pain provide the basis for sound, 
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defensible assessment as to whether the animal has responded to treatment19. Therefore, pain 

assessment is important in animals as it can inform the progress of recovery from a painful 

condition and indicate the most appropriate action plan for management or recovery. 

The sensory and emotional components of pain can complicate pain assessment and 

treatment. The sensory component allows the sufferer to physically source the location, 

quality, duration, and intensity of the pain using nociception8,9. However, according to the 

neuromatrix theory of pain9, the emotional component of pain combines with these physical 

elements to influence the overall pain experience, making the experience highly 

individualised and unique for all mammals9,11. This means that two animals could have 

different experiences of the intensity and duration of pain despite the same amount of 

physical tissue injury, depending on emotional and cognitive states9,11,20. These individualised 

states and experiences also influence their neuroendocrine, behavioural, and physiological 

pain responses9,10. Since pain is modelled as such a complex and unique experience, 

management and treatment strategies also need to be individualised. Therefore, pain 

assessment on an individual basis is necessary to ensure the most appropriate treatment and 

management outcomes. 

 

2.3 Why developing animal pain assessment tools is important for pain 

management strategies 

Pain assessment in animals can be difficult due to their inability to communicate their 

discomfort meaningfully and accurately to humans. Pain assessment of prey species is 

complicated further since these animals have been known to hide indicators of pain from 

people1,21. Many current models of animal pain assessment still lack in sensitivity, specificity, 

and predictivity of pain8,22,23. This provides challenges for practitioners to accurately judge, 

monitor and respond to animal pain levels.   

Historically, pain management has not been consistently prioritised in the care of animals. 

For instance, even as recently as the 1990’s, the rate of analgesic use (opioids and non-

steroidal anti-inflammatory drugs [NSAIDs]) during and after invasive procedures, such as 

fracture repairs and hernia surgeries4 on animals was less than 50% in a developed country. 

Furthermore, as few as 5-16% of animals undergoing elective surgeries such as castration 

received pain treatments4. Research and records are harder to come by for smaller pet 
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mammals such as rabbits, hamsters, and guinea pigs, but findings suggest that only 

approximately 20% of veterinarians provide any analgesia to these animals following 

surgery4. The lack of pain medications prescribed may have been due to an underestimation 

of, or indifference to, pain intensity 4. In conjunction with an increase in research about pain 

assessment in animals over the past 15 to 20 years, there appears to have also been an 

increase in analgesic use in animals undergoing and recovering from painful procedures1,4. 

For example, approximately 50% of small mammal patients are now estimated to receive 

analgesic treatments following surgeries4. Based on these statistics, research surrounding pain 

assessment in animals appears to be positively correlated to an increase in pain relieving 

strategies. Therefore, contributions to further validation of pain assessment models are likely 

to improve treatment and management of painful conditions in animals. 

Pain management is often dependent on evaluation using appropriate pain measurement tools, 

which should be specific, objective, and practical to use24. However, this may not always be 

the case as sometimes practitioners have been known to base their pain management 

decisions on criteria other than pain levels. These decisions are affected by concerns about 

adverse drug effects, lack of knowledge regarding pharmacology, how recently the 

practitioner graduated, and availability of continued professional development4. This means 

that there are other barriers to pain management beyond pure pain assessment. However, the 

move towards developing accurate and reliable pain assessment tools could aid experts to 

make more informed decisions based on a more precise picture of an animal’s 

presentation4,13. Although pain scores cannot replace clinical decision making and expert 

opinion, they can provide objective assessment of responses to treatment and aid the follow 

up care of patients25. Professional opinion and guidance are based on expertise and a 

combination of aspects specific to the animal’s presentation, so the ability to score and 

manage pain itself should ultimately be guided by professionals. The original referral to 

professionals is often made by the animal’s carers, which makes the recognition of pain the 

broader responsibility of others involved with the animal. 
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3.0 Equine pain assessment 

3.1 Methods of equine pain assessment 

Equine pain is currently assessed using measures specific to a painful condition or a broader 

assessment that could be relevant to multiple painful conditions. To date, there are several 

partially validated quantifiable pain measurement strategies that are suggested as appropriate 

for use on horses. Pain scoring scales for colic pain, visceral pain, post-surgical pain, head 

pain, and orthopaedic pain, have been designed for hospital and veterinary use and can take 

8-15 minutes to perform16,26–28. These scales usually refer to behaviours and postures of the 

head, ears, neck, and tail, or physiological parameters such as such as respiratory rate, heart 

rate, cortisol levels and rectal temperature29. For instance, the Obel scale is commonly used 

by veterinarians to assess the amount of pain caused by laminitis30,31. The Obel scale 

considers movement and posture of the horse as a pain indicator30,31. Sometimes, pain is 

assessed or diagnosed by trialling the effectiveness of analgesics, or behavioural responses to 

direct palpation and aggrivation12,18,24. As well as being time consuming, these approaches 

often require specialist knowledge of equine behaviour. Facial expression has more recently 

been explored as a means of equine pain assessment. This approach may be useful since 

facial expressions are more difficult to conceal than other behaviours, may require minimal 

training to score effectively, and assessment can be performed from a safe distance4,25,32,33. 

Physiological parameters are limited in predicting severity of pain and show correlations with 

other emotional states26,28,34. For instance, in heightened emotional states such as fear or 

anger, heart rate, respiratory rate and cortisol levels have been found to increase35–38. While 

there may be some connection between pain, respiratory rate, heart rate, and rectal 

temperature, this is neither sensitive nor specific enough as a standalone approach26,28,34,39. 

Physiological data may also be confounded by human interaction involved with these 

procedures such as physical contact, which has been found to result in stress responses and 

alternations in physiological states in some horses21,40. Therefore, physiological parameters 

may also not be an ideal means of pain assessment in horses until their correlation to pain and 

the impact of other influencing factors has been further researched. 

The Equine Pain Scale is a scale developed through combining pain scales published before 

201524. It can be used for all types of pain as behaviours for visceral, post-surgical and 

orthopaedic pain were considered during its design. It is less time consuming than some other 
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scales, taking only 1-2 minutes to complete. The behaviours included in this scale are (1) 

identifying aspects of facial expression thought to be linked to pain; (2) gross pain behaviour; 

(3) location in the stall; (4) posture/weight bearing; (5) head position; (6) attention towards 

the painful area; (7) interactive behaviour; and (8) response to food18. However, the display of 

these behaviours may be variable on an individual basis and in response to the relationship 

the horse has previously had with the handler18. Without full validation of each pain 

behaviour, the presence of pain could be misinterpreted and therefore responded to 

incorrectly. The level of training required to complete this scale accurately is also unclear, 

meaning that inter-rater reliability may not be optimal between people who have different 

levels of experience with the equine24.   

Another model designed for general pain assessment of multiple painful conditions, called 

the Composite Pain Scale (CPS)16,41, is a behavioural analysis involving prolonged 

observation periods. The CPS has been adapted from other animals to assesses equine pain by 

scoring the presence and frequency of a combination of behavioural responses thought to be 

associated with pain16,28. These behaviours include kicking of the horse’s own abdomen with 

a hind leg, agitation, and restlessness (for severe acute pain), a lowered head carriage, 

reluctance to move, rigid stance, and sometimes aggression towards handlers28,29,39. Reduced 

appetite is also often identified as a behaviour associated with horse pain sometimes used in 

the CPS, but is not quantified or specific, and difficult to use as an indicator16,28,39. The CPS 

also considers a decrease in locomotion, alertness, appetite, and social motivation as 

indicators of pain experience16,28,39. While these behaviours may be in response to pain, they 

are not yet fully validated, especially in response to pain experiences of different causes. It 

must be acknowledged that some of these behaviours may also occur due to other reasons, 

although the display of a combination of them at once may be more closely correlated to 

pain.  

The CPS can be difficult to implement as it uses vague or ill-defined terms. For instance, the 

term “being bright” as a behavioural criterion of not being in pain without further 

explanation28. Differentiation between scoring an “exaggerated” response to auditory stimuli 

and an “excessive and aggressive” response to auditory stimuli as a pain indicator in this CPS 

is also unspecific41. Furthermore, “pays attention to people” may be a matter of perception 

based on the observer, as well as variable dependent on the relationship the observer has 

previously had with the horse28,39. This scale has been designed based on personal clinical 
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experience and interpretation, which may not be shared by other observers. No minimum 

experience criteria are specified for using the scale.   

All the models of pain assessment discussed above are potentially useful once they have been 

fully validated. However, the amount of training and experience required for each scale is not 

yet thoroughly explored by studies to date. Owners, riders, and non-veterinary professionals, 

such as equine physical therapists and animal welfare inspectors, are all responsible for 

detecting equine pain so that they can seek the necessary referral or treatment. Improved 

knowledge and skill of horse enthusiasts regarding pain assessment and management 

decisions may lead to a subsequent overall increase in equine welfare and more consistent 

pain awareness and management throughout the equine industry42. Thus, equine enthusiasts 

may benefit from the use of a validated pain scale that is practical in application and does not 

require highly specialised knowledge to apply.   

 

3.2 Observer effect on equine pain assessment   

Equine pain assessment can be challenging as early or subtle signs of pain may not be 

obvious and horses may innately supress pain behaviour in the presence of perceived 

predators, including humans33,43. Obvious visual displays of pain are selected against in prey 

species due to the threat of displaying signs of vulnerability to predators44. For example, 

horses observed under surveillance camera were found to display an average of 1.6 

“discomfort related” behaviours per minute before a visitor and 1.49 behaviours per minute 

after a visit45. This difference was clinically insignificant; however, in the presence of a 

visitor, the horses would, on average, reduce their discomfort behaviours by 77.4% to just 0.4 

discomfort behaviours per minute, with six horses showing no discomfort behaviour at all45. 

Furthermore, research has shown that horses respond to human facial expressions, which may 

in turn influence their ability to conceal signs of pain46. For instance, when shown photos of 

angry human expressions, horses experienced an increase in heart rate and a diverted, 

lateralised gaze often associated with negative stimuli46. This suggests that the presence of a 

human has a large influence on how a horse in pain behaves. 
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4.0 Using facial expressions to assess pain 

Humans have a specialised neural apparatus for observing and processing facial expressions 

that is sensitive to subtle changes in facial expression18,43. This allows people to distinguish 

between humans and animals not in pain from those that are in pain18,25,33,43. Leach et al. 

(2011) demonstrated that both experienced and non-experienced observers tend to focus on 

the face when deciding if a rabbit (oryctolagus cuniculus) is in pain47. This means that using 

facial expression as a means of pain assessment may utilise the innate tendencies of humans 

to gather information from the face. Systematically scoring facial expressions allows people 

to use these tendencies in a quantifiable manner.  

 

4.1 Using facial expression to assess pain in humans 

Pain results in a consistent facial expression in children and adults across all cultures, since it 

is a reflexive reaction which occurs spontaneously in response to nociceptive input4,48. Pain 

expressions were also found to be more intense and distinct from other expressions of 

emotions by people4,49. This consistency and distinction of pain expressions was important to 

the development of a systematic and objective facial action coding system (FACS) for 

humans50. The FACS describes changes to the surface appearance of the face resulting from 

muscle actions of 44 individual facial muscles, either operating individually or in 

combination, known as facial action units (FAUs)4,33,51. The assessment of these FAUs is 

considered an accurate and reliable pain indicator in humans, including in non-verbal human 

populations who are unable to provide self-reported pain intensity measures50,52–54. Humans 

also have difficulty concealing painful facial expressions in comparison to other expressions. 

Although some features of painful faces can be concealed, other elements of the painful face 

associated with involuntary muscle action cannot be concealed, thus allowing them to still be 

detected and scored using the FACS4,55.   
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4.2 Facial expression to assess pain in other animals 

Following the quantification of pain using the FACS in humans, interest developed in 

assessing the usefulness of facial expressions to assess pain in nonhuman animals. 

Interpretations of the changes to surface appearance of human faces as indicators of 

emotional and physiological states were translated to primates, such as chimpanzees (pan 

troglodytes)56. When considering a facial expression, the movable parts are of interest.  In 

nonhuman animals, these include the eyes, ears, muzzle, nostrils, and lower facial muscles18. 

During a painful experience, there is often tension in the muscles surrounding the eyes, with a 

withdrawn or tense stare or closing of the eyelids in mammals in pain3,6. The ears will often 

be less responsive to surrounding noises, held in a lowered or further back position3,6. The 

overall impression of the muzzle, nostrils and lower facial muscles is of increased tension and 

strain in pain3,6. These features are present in a wide range of mammals and often are 

incorporated into species-specific grimace scales, that score the intensity of various 

components of facial expressions to determine an overall pain rating3,6,33,57,58. To date, facial 

expression has been validated as a suitable means of quantifying pain in humans and other 

animals such as the mouse (Mus musculus), rat (Rattus sp.), rabbit (Oryctolagus cuniculus), 

horse (Equus caballus), cow (Bos taurus), pig (sus), sheep/lamb (Ovis aries), ferret (Mustela 

putorius furo), seal (pinnipedia), and cat (Felis catus)4,57.  
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5.0 Grimace Scales 

Grimace scales ask the rater to score each species-specific FAU individually3,4,33. This is 

conducted on a scale of 0-2, with 0 indicating no presence of the FAU, 1 indicating moderate 

presence of the FAU, and 2 indicating obvious presence of the FAU3,33,59. The scores are then 

added up to form an overall grimace scale score that can be used to predict how much pain an 

animal may be experiencing. A higher overall HGS score is thought to indicate more intense 

pain levels4,6,33,57. The presence of non-painful displays of FAUs (such as the ears held 

backwards in emotional annoyance) may occur, but not in conjunction with multiple other 

FAUs to result in a significant grimace scale score 4,6,33,57. The threshold for when a grimace 

scale score is significant as a pain indicator has not yet been identified 4,6,33,57. This leaves a 

gap in the research surrounding what scores could be considered normal display of FAUs 

without the existence of pain. 

The first grimace scale for non-human animals, the Mouse Grimace Scale (MGS), was 

published in 201044. Since then, grimace scales have also been translated and applied to other 

species. The number of FAUs used in grimace scales varies between species, but there are 

clear similarities between the scales. For example, the Lamb Grimace Scale (LGS) consists of 

five facial action units as pain indicators after tail docking: ear posture, orbital tightening, 

mouth features, cheek flattening, and nose features60. In contrast, the Piglet Grimace Scale 

(PGS) is comprised of only three features: ear position, orbital tightening, and cheek 

tightening/nose bulge58. Ears, eyes, nose, and whiskers were considered in the Rat Grimace 

Scale (RGS)3,61,62. The commonalities between features and scales means that research 

surrounding one species may be suggestive of similar findings in another species.  

 

5.1 Benefits of grimace scales 

Grimace scales have the benefit of increased safety of the observer in comparison to other 

scales such as some CPSs and physiological measures, as there is no need to interfere with or 

palpate the subject6,23,61. Some composite or behavioural pain scales include reaction to 

palpation of the painful area, which could trigger the fight or flight response of the animal 

with potential risk to the nearby observer16,41. Facial expressions can be observed at a safe 

distance without aggravating or interfering with an animal in pain. 
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Early warning signs non-specific to a pathology such as changes to facial expression may 

appear before other signs39. If these changes can be recognised, this could lead to early 

detection of painful conditions and better treatment outcomes39. Some behavioural responses 

by horses to pain are clearly characterised by signs specific to a condition. For instance, 

tetanus is associated with a rigid, spread leg stance; lameness is often the result of limb 

issues; and laminitis is characterised by an arched body stance to decrease the pressure on the 

forefeet39. Horses recovering from abdominal surgery are often observed kicking the 

abdomen with their hind legs, gesturing to their flanks, and stretching the body63. These 

behaviours may only be present once pain exceeds a certain threshold; however, changes to 

facial expressions may occur earlier and indicate a range of mild to severe pain6,33.   

Another benefit of using facial expressions to assess pain is that they can be applied to a 

range of different painful conditions within some species. For example, the RGS has been 

tested with a range of nociceptive input, such as inflammatory assays, laparotomy, and 

carrageenan injections, all of which resulted in a “grimace” scoring3,61. While some pain 

measurement tools can only be applied to certain pathologies, facial expression could 

potentially provide a more universal and sensitive pain scale. 

Observers are thought to be able to be rapidly and easily trained to interpret facial expression 

as a pain indicator16,41,43. Traditionally, only photographs with brief explanations have been 

used, as a reference and training aid3,6,33,44,57,64. These images are usually taken as stills from 

video clips, exemplifying FAUs identified in grimace scales. This brief training has been 

presented as sufficient for any observer across multiple grimace scales, regardless of previous 

experience with the species or with pain assessment4,6,33,59. However, there are a shortage of 

published studies that have tested how this training is interpreted and applied by a range of 

participants from different backgrounds. A study by Evangelista et al. (2021) compared 

Feline Grimace Scale (FGS) ratings between veterinarians, cat owners, vet nurses, and 

veterinary students65. This study found acceptable limits of agreement between all participant 

groups with only a slight increase in FGS scores by veterinarians compared to other groups65. 

Evangelista et al. (2021) placed an emphasis on inter-rater reliability using inter-class 

correlation coefficient (ICC), so accuracy of FGS scorings and the effect of training on 

different participant groups by comparing pre-training to post-training FGS scores was not 

fully validated65. Other research surrounding the MGS, HGS, and RGS have focused on a 

limited range of participants from similar backgrounds and presented strong inter-rater 

reliability3,6,33,66,67.  
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5.2 Limitations of grimace scales 

To be clinically useful, grimace scales need to be validated in real time settings. One obstacle 

for the real time application of grimace scales is the effect of the observer changing the 

behaviour of the animal. Humans are viewed as predators by many other animals and, as 

such, their presence influences the behaviour of prey species45. This may be more a barrier for 

scoring grimace scales in some species than others. For instance, observer presence was not 

found to significantly impact the RGS scores61. However, this has not found to be the case in 

other prey species such as horses24,39,68. There may also be a difference between the presence 

of male and female observers, with rats being known to produce fewer pain expressions in the 

presence of men3,61. This observer sex bias may be related to the differences in olfactory and 

auditory input to rodents from men and women with male smell and voice resulting in stress 

related analgesia69. The effect of observers specifically on displays of facial expression has 

yet to be researched in other prey species such as horses.   

Since grimace scales are a relatively new means of scoring pain, they are limited by a current 

lack of research and validation in their application. Due to the range of painful conditions the 

RGS has been validated for, it could be hypothesised that grimace scales are applicable to a 

range of painful conditions in other animals, too3. For instance, although the HGS has been 

investigated for castration pain, colic pain, and pain resulting from laminitis, this does not 

mean it can be applied to all painful conditions33,66,70. It is detrimental to animal welfare to 

assume that it could be used to reliably identify pain related to any painful condition without 

a firm scientific basis, as this could result in incorrect judgment and treatment of pain. 

 

5.3 Validity and reliability of grimace scales 

5.3.1 Defining validity and reliability 

The reliability of a scale is the extent of variability and measurement errors over repeated 

trials of the scale. Measurement error can be assessed through comparing scoring differences 

between the same user (intra-rater reliability) or between different users (inter-rater 

reliability)67. If the measurement error is large, the scale cannot be considered valid as there is 

sufficient risk of not being able to consistently detect relevant and important changes in the 

variable being measured57,67. Reliability needs to be assessed under a range of different 

conditions for a scale to be generalised57,67.   



 

13 
 

Validity can be described as asking ‘does the scale do what it says it will do?’. This involves 

content validity, which considers if the items making up the scale are important and 

necessary. Content validity considers if the measures of interest are being evaluated by the 

scale used, which may be determined via expert opinion or comparison of internal 

consistency71,72. Criterion validity is how the scale compares to a criterion standard if one 

exists, such as comparing the components of a newer scale to a gold standard scale71,72. 

Otherwise, scales are often compared to pre-existing scales, known as convergent 

validity71,72. Similarities in results with pre-existing validated scales can indicate a higher 

likelihood that the tested scale is also valid. Finally, construct validity is whether the scale 

can identify important changes4. For instance, a grimace would be expected to be present 

after an animal undergoes a painful procedure and does not receive adequate pain relief6,62. 

All aspects of validity should be explored with appropriate results before a scale can be 

considered valid. Validity and reliability of a scale are inter-dependent as a scale cannot be 

valid if it does not consistently produce reliable results59. Validation of pain scales is 

important to increase sensitivity, precision, and reliability of research regarding pain 

experiences, which could result in new diagnostic methods, insights, and pain management 

strategies59.  

 

5.3.2 Current research surrounding grimace scales  

Since grimace scales for animals have only recently emerged and are still gaining further 

interest, current research is limited for most scales. There are conflicting findings in research 

surrounding convergent validity in rats and felines. When the RGS was compared to a 

Composite Behaviour Score (CBS) in rats, which considers the frequency of whole-body pain 

related behaviours, they were found to have differing levels of sensitivity to analgesic 

responses62. Although both the RGS and CBS scores increased after surgical intervention, 

lower dose NSAIDs consistently decreased the CBS score more than it decreased the RGS 

score62. Similarly, two different types of NSAIDs used in other studies on rats have also 

found to reduce the CBS and not the RGS until a much higher dose was administered 73–76. 

This suggests that the RGS may be more sensitive to reduction in pain as the CBS.  However, 

this finding may not apply to other species in the same manner. The FGS was compared to an 

existing CPS for cats57. Contrary to the findings of the RGS compared to the CBS, scorings of 
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the FGS were found to be consistent with the CPS57. Further studies are required to solidify 

findings related to convergent validity of grimace scales across a range of species.  

In the MGS and RGS, the duration of pain has been considered as a factor for when grimaces 

tend to appear and when they can be scored. It was found that pain lasting for less than 10 

minutes or greater than 24 hours did not often result in a prominent grimace3. The reasoning 

for this time duration is unknown but has been suggested to be related to prey species 

concealing their pain for protection purposes35,77. Grimace scales may therefore be affected 

by the duration of pain before they are scored, which could affect scoring of acute versus 

chronic pain. 

The consistency of the presence of a grimace has been tested in mice. Over a prolonged 

period up to 3-4 weeks post injury, the FAUs associated with a pain grimace remained4. This 

was the case even during other behaviours such as grooming and sleeping4. Some other FAUs 

were present during these other behaviours, but only pain grimace associated FAUs were 

consistent across all activities4. RGS scores in another study remained heightened up to five 

weeks post spinal cord injury78. This means that it might be possible for grimace scales to 

also quantify long term pain, but this area requires further investigation. 

A study by Miller et al. (2015) on the MGS aimed to develop a baseline grimace scale score 

in mice not thought to be in any pain6.  Animals in no pain are still likely to display some 

grimace features, meaning that a baseline grimace score is not usually zero but also not as 

significant as a pain score6.  It is the combination of the presence of different FAUs that are 

thought to indicate pain.  However, baseline scores for control mice were highly variable on 

the MGS depending on strain of mouse and sex, so there was no conclusion reached about 

what score could universally indicate pain in mice6.  This makes interpretation of grimace 

scales difficult, because although it is accepted that some FAUs may be present in isolation 

without the occurrence of pain, the literature has yet to conclude how high a grimace scale 

rating needs to be before it is considered clinically significant.  
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5.3.3 Inter-rater reliability of grimace scales 

One aspect of reliability testing for a pain scale would include the consistency of ratings 

between different groups of observers using the scale. It is possible that observers could be 

subject to a degree of variability in scorings of FAUs due to differences in clinical 

experience, perception, and knowledge of the species in question59. This is an area not yet 

thoroughly explored by the literature; however, observer experience did not seem to 

significantly impact scoring of the FGS65. Lack of inter-rater reliability can result in 

inaccurate use of a pain scale, which could lead to ill-informed pain management strategies 

detrimental to the wellbeing of animals59,66. Therefore, research observing differences or 

similarities in results between structured groups is important to validate pain scales59.   

The RGS has been found to have high inter and intra-rater reliability (85% and 83% 

respectively)7. Similarly, the MGS has also been found to be sufficiently reliable in this 

manner with an average ICC of 0.90 and high overall accuracy of greater than 80%, with a 

maximum accuracy of 97%4. However, this accuracy was dependent on optical quality of 

photographic images from which grimaces were evaluated and scorer experience despite 

similar training provided to observers. Poor quality images usually resulted in greater 

versatility amongst scorers.  

For the RGS, a study by Zhang et al. (2019) found that control participants significantly 

increased in accuracy compared to experienced raters when they could refer to a bank of 

training images during scoring67. However, scorers in this study were also allowed to discuss 

any queries they came across with an experienced rater. ICC for this study between 

experienced and inexperienced observers ranged from 0.88 to 0.9167. Training of 

inexperienced scorers was thought to be mostly retained over a period of 4 years. This is 

further supported by the developers of the PGS, who suggested that their scale should only be 

used alongside a training manual79. In fact, thirty observers with varying levels of experience 

scored the PGS more consistently when the training images exemplary for each score 

possible for each FAU were presented alongside the still images to be scored for pain.  

Images were associated with a short description of each FAU79. This study excluded three 

FAUs from their final data analysis due to respondents selecting “don’t know” for over 30% 

of these images, which may have created a bias towards a higher ICC79. After refining the 

scale, the ICC was 0.97 including experienced and non-experienced raters, and no significant 
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difference between the scores of raters were observed79. However, these results may not 

reflect the true ICC of the PGS, since so much data was excluded from the analysis.  

 

5.4 Video versus still image training and scoring of grimace scales 

Most studies to date regarding grimace scales have asked observers to score photographs 

rather than videos or real-time observations4,6,33,57,62. This may result in an artificial 

evaluation of scores if behaviours which interfered with scoring were present or if the photos 

did not capture the height of the expression. For instance, some scales consider orbital 

tightening to be an expression of pain, so if behaviours such as blinking were captured this 

score could have been heightened6,61. If an animal blinks during real time assessment, then 

this is less likely to affect the overall orbital tightening score as the scorer has some context 

and sees the range of the expression6,61. It is possible that a single observation period through 

either photograph or real time methods may not give an accurate representation of a pain 

score due to the amount of variability of facial expressions in one observation period, 

depending on the length of observation61. However, grimace scales need to be validated for 

real time scoring to make them feasible as able to be applied in a clinical setting.  

 

5.4.1 Length of observation required for scoring grimace scales 

There are discrepancies between studies to date about the amount of observation time 

required to accurately score pain facial expressions. For example, 5 minutes or less was found 

to be a sufficient observation period for pain identification when considering pain facial 

expressions using the RGS61. This was because longer observation periods, up to 10 minutes, 

did not make a clinically significant impact on the RGS scores61. However, observation 

periods of less than 2 minutes decreased the sensitivity of pain detection in this study61. 

Therefore, observation periods between 2-5 minutes may be optimal for scoring the 

RGS61.                                                                                                  

In contrast to this suggested 2–5-minute observation period, another study by Ballantyne et 

al. (1999) performed on neonatal human infants reported consistent pain scores using facial 

expression given only a 45 second observational period80. The neural apparatus in humans for 

identifying facial expressions is instinctual particularly amongst our own species, meaning 

that a shorter observational time may be necessary when observing humans compared to 
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observing other species18,43. Furthermore, infants are unlikely to perceive threat from the 

presence of an observer in the same manner that a prey animal species would respond to a 

human. However, an interesting finding by study by Ballantyne et al. (1999) was that 

scorings via video were consistent with in person observations80. This suggests that short 

video assessments may be accurate representations of physical application, making video 

assessment a potentially useful as a research tool80. Given that most nonhuman animal 

grimace scale assessments are conducted with still images, it would be ideal to also conduct 

the same experiments with human observations in order to get a full comparison against 

videos and in-person results. 

Observation times for video scoring are also considered in a study by Miller et al. (2015) for 

the MGS. Real time scores using three 5-second-long observations scored pain significantly 

lower than standard image scoring of three randomly selected photographs over the same 10-

minute period6. The variability on these scorings depended on strand of mouse and sex 

(Figure 1)6. However, while this concludes that there are major differences between video 

and photograph scorings, this study did not suggest which scoring method was thought to be 

more accurate.   
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Figure 1. Baseline MGS scores (± SEM) in female mice (A) and male mice (B) by strand, obtained 

through live scoring or retrospectively scored from still images 6 

(A) 
 

 

 

 

 

 

 

 

 

 

 

(B) 

 

 

In contrast to these findings of the MGS being underestimated in real time, a study using the 

FGS found that there were no clinically significant differences between real time scoring and 

photograph scoring, with only a minor overestimation when using video scoring81. Another 

study also found minimal differences between photograph and real time scoring using the 

RGS61. Both the RGS and FGS had acceptable limits of agreement with scores reflecting 

photograph scoring methods when using videos to score61,81. Longer observation periods of 

10 minutes (RGS) and 3 minutes (FGS) may have influenced the accuracy of scoring in real 

time in comparison to the 5 second observation periods used to validate the MGS6,61,81. 

However, the differences between agreement of scores between photographs and videos 
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when assessing the FGS did not differ significantly after the first minute in comparison to 

after the third minute81. Lesser observation timeframes were not considered in these studies 

on the FGS by Evangelista et al. (2020) and on the RGS by Leung et al. (2016). 

Differences among the biological role of individual species may influence the necessary 

observation period for scoring a pain grimace, when considering the use of photographs 

compared to real time scoring. While mice are a prey species, cats are primarily 

predators/scavengers. This also may innately influence the expression of a painful grimace 

since prey species have been found to attempt to conceal signs of pain57,65,81. These 

tendencies could have been amplified or reduced by acclimatisation and environment of the 

animals and the presence and familiarity of observers6. While the mice had a 7-day 

acclimatisation period, the cats were in an unfamiliar clinical setting which could have 

heightened their fear and influenced their facial expression depending on their perceived 

levels of threat6,81. Emotional states such as fear are thought to adversely affect the presence 

of a grimace in some animals82. Therefore, the amount of observation time required for 

scoring may be complex due to innate emotional tendencies of animals when they feel under 

potential threat. 

 

5.5 Horse Grimace Scale 

Equine pain related facial expression has primarily been defined in three studies, all of which 

describe common features: Dalla Costa et al.33, Gleerup et al.43, and Van Loon et al.25.  Van 

Loon et al. described the Equine Utrecht University Scale for Facial Assessment of Pain 

(EQUUS-FAP) for horses with acute colic. This was also later validated for head pain, 

orthopaedic pain, and acute pain in foals27,83,84. Gleerup at al. (2015) described an equine pain 

face after experimentally induced pain43. Dalla Costa et al. (2014) described the horse 

grimace scale (HGS) following surgical castration33. Van Loon et al. (2015) found facial 

expression to be effective as a pain assessment tool for visceral pain25. Dalla Costa et al. 

(2014) and Gleerup et al. (2015) have also found that facial expression may be an effective 

means of assessing somatic pain33,43,66. Thus, equine facial expression may be suitable pain 

indicator across different types of painful conditions.  

Van Loon et al. (2015) created a scale based on nine parameters of the face. Facial 

expressions indicative of pain were (1) head movement/decreased interest in the 
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environment; (2) opening of the eyelids/visibility of the sclera; (3) less focus on the 

environment; (4) opening/flaring of the nostrils; (5) lifted or tightened corners of the 

lip/mouth; (6) fasciculations in the muscle tone of the head; (7) yawning; (8) teeth grinding; 

and (9) backwards ears25. It should be noted that this scale also includes a combination of 

facial expressions and other facial behaviours (such as yawning and teeth grinding). The 

authors recommended an observation period of 10 minutes25. This extended observation 

period was not required in the pain assessment by Dalla Costa et al. (2014) or Gleerup et al. 

(2015), as other facial behaviours (apart from facial expression) were not included in either 

pain assessment tool. However, it is important to note that van Loon et al. (2015) allowed 

observation of dynamic features of facial expression through video recordings, while Dalla 

Costa et al. (2014) only allowed static observation through photographs. This may have made 

the results drawn from the observations in the trial by van Loon et al. (2015) more applicable 

to clinical practice. Both studies by van Loon et al. (2015) and Dalla Costa et al. (2014) 

resulted in high limits of agreement and identification of painful states in horses. 

Gleerup et al. (2015) described fewer features related to pain in the equine face than van 

Loon et al. (2015). Indicators of pain were low or asymmetrical ears, a withdrawn or tense 

stare, an angled appearance of the eyes, tension of the lips/chin/facial muscles, and 

mediolaterally dilated nostrils43. This has similar features to the components described by 

Dalla Costa et al. (2014): stiffly backwards ears, orbital tightening, mouth strained and 

pronounced chin, tension above the eye area, prominent strained chewing muscles, and 

strained nostrils/flattening of the profile33. All three studies agree that lowering of the ears, 

flared nostrils, straining of the muscles around the lips/chin/lower facial muscles, and an 

angled eye appearance are features of a painful facial expression25,33,43. Dalla Costa et al. 

(2014) did not pay attention to the quality of the stare, while both Gleerup at al. (2015) and 

van Loon et al. (2015) describe a pain face in vague terms such as having a stare which is 

withdrawn or less focused. Van Loon et at (2020) found that head movement and focus were 

amongst the most discriminative FAUs to indicate foals in pain, alongside eyelids, mouth, 

and ear movements83. Dalla Costa et al. (2014) introduced the idea of eyelid closure as a pain 

expression component, which may have been a concept based on grimace scales in other 

species3,6,33. For instance, the degree of orbital tightening in sheep had significant quantitative 

changes in sheep in pain60. Inclusions of orbital tightening in other grimace scales might have 

been why orbital tightening was transferred to the HGS by Dalla Costa et al. (2014). 
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Other FAUs included in the HGS such as strained nostrils may also be influenced by age of 

the horse or face morphology. Nostril movements were not discriminative between foals in 

pain and control foals83. Foals have a faster respiratory rate, which may explain this 

difference in findings between this study on foals and previous studies. This is because 

nostrils may be more dilated during inspiration. However, Van Loon et al. (2020) also found 

that there was more consistency in scorings for neonatal foals than older foals, although inter-

observer reliability for older foals was still acceptable83. This study suggested that this may 

be due to older foals being more reactive to their environment while younger foals focused 

more on their mothers.  There is currently no data suggesting that ponies display pain in 

diverse ways to horses.  However, since ponies and foals have different face morphology to 

horses with shorter and wider characteristics, it may be worth exploring if this influences 

their display of facial expression85,86.   

Sensitivity and specificity are also important aspects of a scale as they indicate how often a 

scale can (sensitivity) or cannot (specificity) identify a condition. While sensitivity of a test is 

how good at detecting those with the condition, specificity is how well the test can 

distinguish those without the condition. This means that while a highly sensitive indicator 

will indicate that all subjects have a condition (whether they have the condition or not), 

specificity is also required to rule out subjects without the condition. Van Loon et al.25 

measured high sensitivity (77%) and specificity (100%) for use of their facial expression 

scale25. However, this study only included horses with previous NSAID treatment in their 

initial study, which may have influenced their results through lessening indications of pain 

and therefore lowering pain scores. Thus, sensitivity and specificity researched at full pain 

intensity may be interesting to fully validate these findings. A follow up study showed 

reliable and reproducible results when the horses had not had previous NSAID treatment17.   

There is a lack of research evaluating whether different FAUs in horses are more specific to a 

pain experience than others, which could influence the sensitivity and specificity of the HGS. 

If some FAUs are more related to a pain experience, putting more emphasis on these during 

scoring (applying weighting to these parameters) might increase the accuracy of pain 

assessment using facial expression. However, the sensitivity and specificity of pain scores 

related to facial expression did not change significantly by applying weighting to the 

individual parameters in one study17,25. An increased weighting on some FAUs meant that 

they contributed more towards the overall pain score than other units which were thought to 

be related to, but less specific to, the overall pain experience. Higher weighting was applied 



 

22 
 

to components which were thought to have higher sensitivity and specificity according to a 

previous study17,25. These levels of sensitivity and specificity were based on scoring between 

four veterinary medicine students, so further research surrounding weighting of FAUs using 

larger groups of participants may be useful to confirm these results25. This could potentially 

adjust the way that scores in the HGS are finalised if applicable.  

Scoring of van Loon et al. (2015)’s scale was similar to that of Dalla Costa et al. (2014), in 

that each facial action unit was scored from 0-2, with 0 being no pain signs identified and 2 if 

pain is identified as present. This scoring system is explained in the introduction to section 

5.0. Gleerup et at (2015) did not focus on a scoring system of facial expression, but simply 

described the features of an equine painful facial expression. Grimace scales for other species 

have also used a 0–2-point scoring system for each facial action unit3,6. Research to date 

suggests that the 0–2-point system may be appropriate as a means of scoring grimace scales. 

This means that even if some features of the grimace scale are present, the animal may 

receive a score that is not 0, but also not high enough to be considered an overall pain score, 

since some facial action units can be observed occasionally, often in isolation33. Similarly, 

pain scores can appear on a continuum of mild pain to intense pain. Milder pain may result in 

a lower grimace score still indicative of some pain, with more severe pain resulting in a 

higher grimace score indicative of more intense pain. Specific parameters of what score may 

indicate no pain, mild pain, or severe pain, have not yet been identified. 

A pilot study by Dalla Costa et al. (2017) has considered the influence of different emotional 

states on horses in relation to their impact on the presentation of a grimace. In all emotional 

states apart from fear, grimace scores were not found to be significantly affected in 

comparison to a control82. The scores of stiffly backwards ears and prominent strained 

chewing muscles appeared to be most influenced and more present when the horse was 

thought to be exhibiting a fear response82. Contrasting results have been found in other 

species such as mice, in which facial expressions reflective of aggression had high overlap 

with those produced by pain35. However, the differences between horses and mice must be 

accounted for to consider the effects of emotional state on each species individually, so 

findings in mice do not necessarily indicate that the same would be true for horses.   

Van Loon et al. (2015) showed high inter-rater reliability (ICC = 0.93) for their scale used to 

assess equine pain facial expression associated with acute colic25. However, only four 

veterinary students were used to score the EQUUS-FAP, which meant that all had a similar 
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level of experience and training with horses25. This has crossovers with the scorers used in 

Dalla Costa et al. (2014)’s study, in which only five people who already had expertise in 

equine pain assessment or facial expression interpretation were used to score the grimace 

scale. The inter-rater reliability of the HGS in this study was similar to that of the MGS and 

RGS with an ICC of 0.9233. Sensitivity of individual participants ranged between 67.5% to 

77.8% 33. Despite this limited range of scorers, van Loon et al. (2015) states that the EQUUS-

FAP may be able to be used by non-veterinarians and horse owners following “proper 

training”, but the extent or involvement of this training is not specified.  

A more recent study considered the effect of a thirty-minute face-to-face standardised 

training on the HGS87. This study by Dai et al. (2020) only considered a control group of 

people with no substantial experience of horses. Dai et al. (2020) found that even a thirty-

minute training was insufficient for these participants to accurately score the HGS, although 

it was suggested that the training would still be sufficient for other people with experience of 

horses. Other studies by Dalla Costa et al. (2014 and 2016) have also found that reliability of 

the HGS was good after a brief or even no training for people familiar with horses33,66. These 

studies included fewer than six participants in each, all from a common background in equine 

pain assessment33,66. This is not representative of the entire equestrian community, so the 

effectiveness of training and ability for a broader population to accurately apply the HGS has 

not yet been investigated.  

My study aimed to aimed to investigate the effect of training as an equaliser to increase 

reliability of HGS scores by a diverse range of participants. These varying knowledge and 

experience levels surrounding horses were hypothesised to have some effect on the ability of 

participants to score the HGS before training, with more experienced participant groups being 

more capable of giving consistent scores. As suggested by previous research validating the 

HGS, scoring was expected to be more consistent between all participant groups after training 

was recieved33,59,66,87. By gathering information about HGS scoring both before and after 

training, the influence of the training could be analysed.  
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6.0 Conclusion  

Equine pain assessment is important to inform treatment and management of painful 

conditions. The use of facial expression via grimace scales may be a reliable means of 

assessing pain resulting from a variety of conditions in a non-invasive way. Studies have 

presented the HGS useable by any observer after a brief training. However, the reliability of 

observers scoring the HGS with different previous involvements and experience levels with 

horses, as well as how this is influenced by HGS training, has not yet been explored. This 

thesis aims to fill this gap in the existing literature by comparing the HGS scorings of known 

groups of observers before and after they receive HGS training. 

 

 

 

 

 

 



 

 
 

 

 

 

 

 

SECTION TWO:  MANUSCRIPT
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1.0 Introduction 

Pain is a subjective sensory and emotional experience which can significantly affect the 

welfare and performance of horses1,22. Accurate pain assessment is important in the role of 

ethical pain management, monitoring, and the effective use of analgesics3.  However, there 

are a current lack of validated pain measurement scales applicable to horses1,59,88. It has been 

suggested that visual inspection of equine facial expression may be able to be used as a 

subjective pain assessment tool, using the Horse Grimace Scale (HGS)33.   

The HGS was first developed in 2014 as a standardised pain scale based on facial expressions 

in horses33. It identifies six different facial action units (FAUs) thought to be associated with 

equine pain. These are orbital tightening, stiffly backward ears, prominent strained chewing 

muscles, tension above the eye area, strained nostrils and flattening of the profile, and mouth 

strained and pronounced chin33. The level of pain the horse may be experiencing is 

determined by scoring each of these FAUs and then combining these scores into an overall 

grimace scale score33. 

While the HGS has been corroborated to be positively associated with pain experiences, 

validation is needed to be certified as a universal, reliably pain management tool. Primarily, 

attempts at validation have focused on veterinarians, which may result in biases, as it is 

expected that people in this profession would have some knowledge of behavioural 

manifestations of pain 33,66. Indeed, these studies showed excellent inter-rater reliability (ICC) 

of the veterinarians involved33,66. Still, proponents of the HGS claim that other groups (aka 

non-veterinarians), both familiar and unfamiliar with horses, would also be able to use the 

HGS reliably and accurately, with limited training. However, one study which did include a 

control group (people with no horse experience), found that even 30-minute face-to-face 

training sessions was not sufficient for these participants to score the HGS similarly to highly 

trained experts87.   

An extensive literature search has not found studies which investigate the reliability of the 

effects of HGS training for groups with different levels of experience related to horses. This 

leaves uncertainty over the reliability of the HGS when not applied by a veterinarian. It is 

important that pain is also able to be assessed by others involved in the welfare of the horse, 

such as owners who refer the horse for treatment and equine manual therapists, who may 

have the goal of reducing pain levels.   
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This study compared the use of the HGS between different groups of participants before and 

after training in attempt to test the inter-rater reliability of the scale and investigate the effect 

of training on HGS scores. Inter-rater reliability is the consistency of measurements of the 

same phenomena between different scorers. It was hypothesised that due to their different 

training backgrounds, veterinary professionals, equine physical therapists, horse 

owners/riders, and animal welfare inspectors may not score the HGS similarly. Since the 

HGS is presented as a universal pain assessment tool, it was also hypothesised that after 

training in the use of the HGS, all participant groups, regardless of previous knowledge or 

experience, would score similarly.   
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2.0 Methodology 

2.1 Ethical statement  

The study protocol was approved by the Unitec Research Ethics Committee (UREC), #2020-

1032, 28/10/2020 to 28/10/2021. All respondents consented to participate in this research on 

a voluntary, anonymous basis. 

The study protocol for the filming and use of horses was approved by the AgResearch 

Animal Ethics Committee (AEC), #15310, 10/04/2021 to 10/04/2022. Castration was a 

routine procedure, performed by registered veterinarians at the request of the horses’ owners. 

Consequently, no animals underwent any medical procedure for the purposes of this study. 

 

2.2 Study design 

This study assessed whether self-selected groups of participants with different levels of 

knowledge about horses recognised the presence or absence of signs of pain in horses using 

the HGS. It also assessed whether there was a change and improvement in consistency of 

scoring pain among groups after a short training exercise about the HGS was provided (pre- 

versus post-training). Data was collected using an online survey platform (through ZOHO), 

which was distributed via a URL link posted on social media platforms, newsletters, 

organisations, specialised forums, and individual clinics or practices.  Surveys were 

submitted anonymously, and no data was collected that could potentially allow participants to 

be identified. The self-identified groups were veterinarian professionals, horse owners/riders, 

equine physical therapists, animal welfare inspectors, and a control group of participants that 

had no close experience with horses. The groups veterinarian professionals (including both 

veterinarians and vet nurses), equine physical therapists, animal welfare inspectors, and horse 

owners/riders were hypothesised to be able to recognise signs of pain more easily before 

training. The non-horse group acted as a control participant group as they had no previous 

regular experience with horses and were hypothesised to have more difficulty scoring the 

HGS.  This was because they would not have a learnt ability to recognise differences in facial 

expressions between horses. 
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The inclusion criteria for participants were as follows: 

• Over 18 years of age. 

• Control group was required to interact with horses less than once per month during 

adulthood. 

• Horse owner/rider group were required to closely interact with horses at least once per 

week on average. 

• Equine physical therapists must have undergone some form of official training 

procedure to be qualified. 

• All participants must live in either New Zealand or Australia. 

• English speaking. 

 

2.3 Survey design 

The survey contained 4 main sections. Section 1 gathered basic demographic information 

(age, gender, country of residence, and education, Appendix 2), horse experience, and 

frequency of callout for treating horses and length of time involved with horses (the latter two 

points for veterinary professionals, physical therapists, and animal welfare inspectors). In 

section 2, the participants were presented with six, five-second video clips focussed laterally 

on a horses’ face. Three of these horses were assumed to be in some level of pain due to 

castration occurring 24 hours prior to filming (treatment subjects), while the other three 

horses were used as non-treatment control subjects since they had no known painful 

conditions89. Participants were asked to score the overall level of pain they believed each 

horse to be in, and then rate each FAU of the HGS on a scale of 0-2 or “unsure” (Appendix 

3). The HGS asks scorers to rate how obviously they see the presence of six different 

elements of facial expression thought to be associated with pain in horses33. Training on the 

HGS was then provided (section 3) through provision of a training chart developed by the 

original developers of the HGS (Appendix 4 and Appendix 5)33. This chart included 

photographic examples of each feature of the HGS for each possible score (not present-0, 

moderately present-1, or obviously present-2). Thereafter, participants were exposed to 

another set of six, five-second-long video images of horses (section 4; Appendix 6). They 

were again asked to provide a pain score overall and a score for each FAU relevant to the 

HGS. As had been the case for the pre-training videos, three of these videos were of 

treatment horses and three were non-treatment horses. Participants were blinded to whether 
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the horse they were scoring was a treatment or non-treatment subject. This was to control for 

the potential bias of positive pain perception. 

 

2.4 Video subjects 

Two groups of horses were filmed: 1) those who had not undergone any recent castration 

procedure or had any known health or injury issues (non-treatment, n=10) and 2) horses who 

have undergone castration 24 hours prior to filming (treatment, n=10). Only male horses were 

videoed for this study. The use of males undergoing the same surgical procedure removed sex 

and type of procedure as possible confounding factors. Castration was selected as a suitable 

procedure as it has been identified by a study on 40 stallions to often induce grimaces in 

horses33.  The castrations in this previous study by Dalla Costa et al. (2014) were also 

performed under general anaesthesia with horses provided with analgesia at the castration 

event. 

Treatment horses were identified through contact with veterinarians who had client horses 

scheduled for castration. An approach was made to the owner through the veterinarian. The 

horses were untethered in a confined paddock, yard, or stall, with access to food, water, and 

shelter. The castration was undertaken as part of the normal horse management decisions by 

the owner. This study had no influence on the decision of the owner to castrate.   

The general and pre-castration care, as well as the castration process and follow up 

management, were at the discretion of those legally responsible for the horses and their 

veterinarian. Welfare standards for castration were maintained as per legal requirements 

according to the Animal Welfare Act (1999), and Horse and Donkey Code of Welfare 

(2016)90,91. Only private facilities that maintained a high quality of animal welfare standards 

were used for this study. 

The treatment subjects received pain relief and post-operative care as directed and prescribed 

by the veterinarian. The castration procedure was a typical closed castration. During this 

procedure, the veterinary surgeon made an incision in the scrotum, avoiding the covering of 

the testicles (vaginal tunic) to lower the risk of infection entering through the wound. 

Following excision of the testes, blood vessels supplying the testicles were ligated with 

dissolvable sutures to reduce bleeding and decrease chances of infection once the testicles 

were removed.  
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Castration was carried out under general anaesthetic that kept the horses immobile for 

approximately 30 minutes.  Horses were also given an intramuscular phenylbutazone 

injection as an analgesic immediately after castration.  This drug is effective for up to 24 

hours post-surgery92.  Following this, owners were given a phenylbutazone paste or powder 

to give orally to the horse according to veterinary advice.  The post-treatment videos were 

taken 24 hours after administration of the initial analgesic (phenylbutazone injection), before 

the next dosage of analgesic (phenylbutazone paste or powder), when horses were at their 

highest likely state of discomfort (mild to moderate pain) according to veterinary advice and 

research, and therefore thought most likely to show a “grimace” 92.  The HGS allows 

detection of subtle signs of pain so severe pain is not required for a grimace to be 

present33,59,66.   

Non-treatment horses had not undergone any procedure and were assumed to be pain free.  

No obvious signs indicating pain were present in the horses filmed for this purpose.  These 

horses were maintained as per their usual care prior to filming and had previously been 

cleared by veterinarians as healthy.   

The inclusion criteria for control horses were: 

- Male horses 

- Horses previously cleared as free from any health conditions 

- Horses believed to be free from pain 

- Estimated maturity height must exceed 14.2hh (this excluded ponies) 

- Vet check within the past 12 months to declare the horse "healthy" and no changes to 

behaviour or health status noticed during the period since the last veterinary check.    

A total of 12 horses were used in the survey, with one horse used for each video.  The 

treatment horses included in the pre-training questions were a 2-year-old chestnut 

thoroughbred, 1-year-old black crossbred, and 2-year-old bay standardbred.  The non-

treatment group included in the post-training questions were a 1-year-old bay standardbred, 

2-year-old chestnut thoroughbred, and 1-year-old bay standardbred. The non-treatment horses 

used in the pre-training questions included a 10-year-old grey thoroughbred, 2-year-old bay 

standardbred, and 4-year-old bay crossbred. The non-treatment horses used in the post-

training questions included an 18-year-old bay thoroughbred, 1-year-old bay standardbred, 

and 10-year-old chestnut crossbreed.  All crossbreeds were at least half thoroughbred.  
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2.5 Video procedure and selection 

All treatment and non-treatment videos were taken in a familiar environment to the horse. 

The researcher visited private properties to carry out the filming of horses. While filmed, 

horses were either in a stall or free roaming in a fenced paddock or yard. In the pre-training 

videos, 1 of the post-castration horses was stalled and 2 were paddocked, while 2 of the 

control horses were stalled and 1 was paddocked. In the post-training videos, 2 of the post-

castration horses were stalled and 1 was paddocked, while 2 of the control horses were stalled 

and 1 was paddocked. Regardless of if the horses were stalled or paddocked, all faces were 

shown in natural lighting.  There was no surrounding commotion from humans or other 

animals apart from familiar companion horses resting nearby. 

All animals had access to food, water, and shelter during this period, as per the requirements 

of the New Zealand Animal Welfare Act (1999) and Code of Welfare for Horses and 

Donkeys (2016)90,91.  Horses were filmed under natural light to minimise disturbance to their 

usual environment and avoid creating a stressful environment. The researcher set up the 

camera on a tripod at head level of the horse and out of reach of the animal. The camera was 

placed in a position likely to capture the most lateral views of the horse, with observational 

videos of each horse lasting between 45 minutes and 1 hour. The researcher was not present 

during the filming period, to avoid influencing the horse's behaviour. The presence of an 

unfamiliar observer may cause horses to hide facial cues of pain2,18,24.    

A single five-second snippet from each of these videos was selected by the researcher and 

supervision team. When selecting treatment videos, the researcher selected clips displaying 

the fullest range of FAUs possible. This was based on an understanding of current research 

surrounding the HGS and other grimace scales for animal species. The researcher and 

supervision team involved people with years of regular personal experience with horses, 

observations in veterinary practices for horses, observations of equine physical therapists in 

practice, an animal welfare scientist with experience in facial expression analysis in animals, 

and the publisher of research related to pain in cats. When selecting non-treatment videos, the 

researcher and supervision team selected neutral-looking facial expression clips displaying a 

lateral view of the horses’ faces. The twelve videos with the clearest lateral view of either a 

grimace (treatment group, n=6) or a neutral face (non-treatment group, n=6) were used in the 

final survey (Appendix 7). Videos were also selected based on not including distractions such 
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as other horses resting in the background. Videos were displayed throughout the survey in a 

random order of post-castration and control horses, paddocked and stalled.  
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2.6 Data analysis 

2.6.1 Data extraction 

Raw data consisted of numerical values from participants scoring each facial action unit on a 

scale of 0-2, or “unsure”. Prior to scoring the FAUs for each video, participants gave a 

generalised score from 0-2 or “unsure” of how much pain they believed the horse was in. 

Zero (0) represented no pain or the absence of presence of a FAU, 1 indicated some pain or 

some presence of a FAU, and 2 indicated severe pain or obvious display of a FAU. This raw 

data was imported to Microsoft® Excel® for Microsoft 365 MSO (Version 2201 Build 

16.0.14827.20198) and reorganised into spreadsheets to make analysis possible93. 

 

2.6.2 Calculation and analysis of HGS scores 

HGS scores for each video by each participant were calculated if a participant scored at least 

four FAUs for the video. The scoring of too few FAUs could fail to provide an overall picture 

of how much pain they believed the horse to be in. The minimum HGS score a horse could 

receive was 0, while the maximum HGS score a horse could receive was 12 if each of the six 

FAUs were scored with a 2. This score was converted to a decimal value between 0 and 1 by 

dividing the total score given (addition of all FAU scores) by the maximum HGS score the 

participant could have given the horse. For example, if a participant scored five of the FAUs 

for a video and selected one “unsure”, the maximum HGS score they could have given the 

horse was a 10. Therefore, the addition of what they scored each FAU would have been 

divided by 10 to produce a HGS score for that video and participant combination. 

Mean HGS scores were calculated using Microsoft® Excel® for Microsoft 365 MSO 

(Version 2201 Build 16.0.14827.20198)93. This was done by using the AVERAGE function 

for all HGS scores, sorted by group and training. Mean HGS scores from participant groups 

were compared with each other and the researchers scores for each video. The researcher had 

viewed the training images and were familiar with research surrounding facial expression and 

grimace scales for multiple species. The researcher also knew whether a particular video was 

of a treatment or non-treatment horse. The researcher and supervision team agreed on a score 

for each FAU in each video. This was then calculated as an ‘expert’ HGS score by adding up 

all FAU scores and dividing them by 12.   
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A Shapiro-Wilk test and normal Q-Q probability plots were conducted to test for data 

normality using R software (The R Foundation for Statistical Computing, version 4.0.3) and 

R Studio (version 2022.02.01)94. To understand which factors best explained the HGS data, 

linear models were used. The factors included participant group (veterinarians, physical 

therapists, owners/riders, animal welfare inspectors and control), training (pre- vs post-

training on the HGS), video (control horse or horse within 24hrs post castration), age, sex, 

country of origin (Australia or New Zealand), years of experience with horses, and 

qualifications of survey participants. The small sample size corrected Akaike information 

criterion (AICc; Akaike, 1974) was utilised to apply an information-theoretic approach based 

on likelihood measures95. A model averaging (Burnham & Anderson, 2002; Burnham et 

al., 2011) feature of the MuMIn package (Barton, 2012) was used in cases where there was 

model selection uncertainty (2 or more models within ΔAICc ⩽ 2)94,96,97. An average 

parameter estimate was assigned to each variable in at least one of the models, where the 

models were within ΔAICc ⩽ 2 where the parameter was present, with a confidence interval, 

and a relative importance. The relative variable importance is based on the models’ Akaike 

weights and is the probability that a variable will appear in the best model98. Factors with an 

importance of 0.75 or above were then selected for further analysis.    

Inter-class corelation coefficient (ICC) of participants within groups was calculated using the 

program IBM SPSS Statistics (version 28.0.1.1)99. The researcher selected a two-way mixed 

model with absolute agreement with a 95% confidence interval. Raw data scores of each 

FAU were directly compared to each other. This data was organised by participant group and 

training status (pre- and post-training) for each FAU and mean HGS scores. 
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3.0 Results 

3.1 Demographics of respondents  

This survey had 261 respondents comprised of people with various previous knowledge of 

horses (Table 1). Of these participants, 92.2% resided in New Zealand and 7.81% resided in 

Australia. The survey was distributed more broadly over social media as well as more 

specific organisations and practices in New Zealand. This explains why more respondents 

were from New Zealand, as adequate participant numbers for larger groups such as horse 

owners/riders could be sourced locally. Most participants (91.8%) identified as female, with 

7.1% identifying as male and a further 1.1% identifying as gender diverse. A wide range of 

age groups were captured. A total of 14.5% were 18-25 years old, 20.1% were 26-35 years 

old, 26.8% were 36-45 years old, 26.4% were 46-55 years old, 10.0% were 56-65 years old, 

and 2.2% were over the age of 66 years old.   

Table 1. Completion rate of survey by different participant groups. 

Participant group Percentage of pre-

training respondents 

Percentage of post-

training respondents 

Veterinary professionals 12.1% 13.7% 

Equine physical therapist 8.4% 7.7% 

Owner/rider 47.5% 43.4% 

Animal welfare inspector 6.1% 7.1% 

Control group 25.7% 28.0% 

 

The number of respondents is proportionate to the number of people in each group. For 

instance, there are 52 animal welfare inspectors in New Zealand working for the SPCA100.  

There were 2,475 veterinarians in New Zeland according to the 2018 census101.  Statistics 

such as the number of horse owners or riders in New Zealand are difficult to come by, but 

with approximately 40.5 thousand horses in New Zealand as of 2018 there is thought to be a 

substantial population in this group102.  Although the population of control participants is 

larger than any other group in New Zealand, they may not have been as willing to participate 

in the survey as the owner/rider group due to a lack of interest in horses.   
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A total of 46.7% of animal welfare inspector respondents reported that they inspected horses 

on average at least once per week. The remaining 53.3% reported that they inspected horses 

at least once per month. A total of 62.5% of veterinary professional respondents treated 

horses at least once per week, while 6.3% treated horses at least once per month, 9.38% 

treated horses less than once per month and 21.9% treated other animals. 

Participants had varying qualification levels either related or unrelated to horses. A total of 

38.3% of all respondents reported a bachelor’s degree as their highest form of qualification, 

followed by 15.2% with high school education, 14.1% with a master’s degree, 12.3% with a 

certificate, and 10.4% with a diploma. A small proportion of other participants reported 

having a doctorate (3.0%), apprenticeship (1.9%), specialty education (1.9%), or other form 

of education (3.0%). 

Experience levels with horses, regardless of profession, were based on how long a respondent 

had interacted with horses at least once per week on average. This did not include the control 

group, who all had no experience. Most participants (79.4%) who were involved with horses 

had been regularly interacting with them for ten years or more. A total of 8.8% had been 

regularly involved with horses for 5-10 years, 2.5% had a 2–5-year involvement, 2.9% had a 

1-2-year involvement, and 6.4% had an involvement of less than one year.  

 

3.2 Horse Grimace Scale scoring 

Four models containing combinations of participant sex, qualification, and years of 

experience, along with group, training (pre versus post), and treatment (video of horse post-

castration versus control) best explained the HGS scores. However, sex, qualification and 

experience with horses accounted for very little of the variation in the data (0.3%, 0.7% and 

1%, respectively) and were hence discarded from further analysis. Group (X2 = 3.84, df=4, p 

< 0.001), training (X2 = 68.81, df=1, p < 0.001), and treatment (X2 = 52.33, df=1, p < 0.001) 

were all found to explain the data significantly. Between group comparisons found significant 

differences between the animal welfare inspectors and control group (t = 18.64, p = 0.009), 

control group and owners/riders (t = 7.12, p < 0.001), control group and vets (t = 3.14, p = 

0.002), owner/riders and physical therapists (t = 2.93, p = 0.003), and owners/riders and vets 

(t = 2.23, p = 0.03) (Figure 1). Despite these results, these three variables only explained 
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39.5% of the data: group explained 1.4%, training explained 16.6%, and condition explained 

21.5% of the variation in the data.   
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Figure 1. Mean HGS scores (+ SD) by participant group, subject condition, and training 

status, with comparison to the scores given by the researchers.  

 

 

Before training, the relative variation of scores for the videos of non-treatment subjects 

(coefficient of variation [CV]=124% [animal welfare inspectors], 152% [control], 101% 

[horse owner/rider], 137% [equine physical therapist], 123% [vet]) was higher than the 

relative variation of scores for videos of treatment subjects (Coefficient of Variation 

[CV]=58% [animal welfare inspectors], 66% [control], 60% [horse owner/rider], 84% 

[equine physical therapist], 66% [vet]) (Table 2).  After training, the relative variation of 

scores for non-treatment videos decreased for all groups (CV=89% [animal welfare 

inspectors], 76% [control], 59% [horse owner/rider], 92% [equine physical therapist], 73% 

[vet]) (Table 2).  Relative variation was also lower post-training for scoring of treatment 

subjects for all groups (CV=25% [animal welfare inspectors], 37% [control], 33% [horse 

owner/rider], 32% [equine physical therapist], 35% [vet]). The CV is greater than 100% in 

some instances because the numerical values are only 0-2, so in some cases the standard 

deviation exceeded the mean.   
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Table 2. Mean HGS scores split by participant group, training status, and subject condition 

(± SD) with comparison to researcher scoring. 

   

Group State Pre-training 

HGS mean 

Pre-training 

standard 

deviation 

Post-

training 

HGS mean 

Post-training 

standard 

deviation 

Veterinary 

professional 

Treatment 0.47 0.31 0.74 0.26 

 
Non-

treatment 

0.14 0.17 0.39 0.28 

Equine physical 

Therapist 

Treatment 0.50 0.32 0.73 0.24 

 
Non-

treatment 

0.14 0.15 0.44 0.32 

Horse 

owner/rider 

Treatment 0.38 0.32 0.75 0.24 

 
Non-

treatment 

0.11 0.17 0.35 0.30 

Animal welfare 

inspector 

Treatment 0.49 0.28 0.77 0.19 

 
Non-

treatment 

0.12 0.15 0.33 0.29 

Control Treatment 0.53 0.33 0.74 0.27  
Non-

treatment 

0.17 0.21 0.52 0.33 

Researchers Treatment 0.69 
 

0.75 
 

 
Non-

treatment 

0.08 
 

0.14 
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Treatment horses were given higher HGS scores than non-treatment horses, both pre- and 

post-training. All participant groups scored both non-treatment and treatment horses higher 

on the HGS after training. However, consistent with our findings from the linear model 

analysis, treatment horses were still scored substantially higher than non-treatment horses. 

The researchers scored treatment and non-treatment horses slightly higher in the post-training 

videos, but this difference was not as pronounced as that shown by other groups. Scoring of 

treatment videos by the researchers increased by 9% from 0.69 pre-training to 0.75 after 

training. Other groups scoring of treatment videos increased by a mean of 60% from 0.47 ± 

0.31SD pre-training to 0.75 ± 0.24SD post-training (Figure 1 & Figure 2). Post-training, 

scoring of non-treatment videos increased by 75% from 0.08 to 0.14 by the researchers. 

Meanwhile, non-treatment videos increased by a mean of 193% from 0.14 ± 0.17SD pre-

training to 0.41 ± 0.31SD post-training by other participant groups (Figure 1 & Figure 2).   

 

Figure 2. Mean (marked with X), median, range, 25% and 75% quartiles of HGS scores split 

by group, condition, and training status.   

 

 

 

 

 

 

 

 

 

Note: ‘pre’ refers to pre-training status of participants, ‘post’ refers to post-training status of 
participants, ‘treatment’ means the video scored was of a horse post-castration, and ‘non-treatment’ 

refers to videos of non-treatment horses being scored. 

When considering group, ‘vet’ refers to veterinary professionals, ‘physical therapist’ refers to equine 

physical therapists, ‘owner/rider’ refers to horse owners and riders, and ‘animal welfare’ refers to 
animal welfare inspectors, and ‘control’ refers to people without regular interaction with horses. 
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Figure 3. Comparison of mean HGS score for each video based on different participant 

groups including researcher scoring. 

 

Note: In the survey, videos 1 through to 6 were included in the pre-training questions.  

Videos 7 through to 12 were included in the post-training questions. Of these videos, video 

number 1, 4, 5, 8, 9, and 11 represented treatment horses’ and videos 2, 3, 6, 7, 10, and 12 

represented non-treatment horses. 
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3.3 Inter-rater reliability 

Inter-rater reliability, as measured by intra-class correlation coefficient (ICC), was measured 

between and within groups. ICC is scored on a scale of 0-1, with below 0.5 indicating poor 

reliability, between 0.5 and 0.75 moderate reliability, between 0.75 and 0.9 good reliability, 

and any value above 0.9 indicating excellent reliability. Agreement in ratings on each FAU 

between all groups was strong both before and after training (Figure 5).  

A similar study by Evangelista et al. (2021) compared grimace scores of the Feline Grimace 

Scale among cat owners, veterinarians, veterinary students, and nurses.  Like the findings of 

my study, ears and eyes were scored more consistently between groups within the excellent 

range of reliability according to ICC65.  Meanwhile. muzzle, whiskers, and head had slightly 

less agreement between groups with only moderate reliability as indicated by ICCs.  This 

suggests that for any species, areas of the face which have larger ranges of motion may be 

easier to score.  Agreement of FAU scoring has not been widely tested between the different 

groups of participants for other species to date.  

The variability based on 95% confidence interval was lowest, and ICC was highest for the 

FAUs of stiffly backwards ears both before and after training (Figure 5). Reliability for all 

FAUs was good for all groups both before and after training. Equine physical therapists and 

the control group presented less inter-rater reliability and broader 95% confidence intervals, 

both before and after training. However, training does seem to have resulted in a slight 

reduction in 95% confidence intervals within groups, especially the control group. Horse 

owners/riders scored more consistently as a group across all FAUs pre- and post-training. 

There tended to be more variation in scoring for prominent strained chewing muscles before 

training, however, training made scoring this FAU more consistent for all groups except for 

equine physical therapists (Figure 5). 
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Figure 4. ICC of HGS scores (± 95% confidence interval) within groups compared to ICC 

within groups of overall pain ratings given before and after training. 

 

 

Note: ICC is scored on a scale of 0-1, with less than 0.50 indicating poor reliability (red), between 

0.50 and 0.75 moderate reliability (yellow), between 0.75 and 0.90 good reliability, and above 0.90 

excellent reliability (green)103. 

 

Overall pain rating was the general score given by participants for how much pain they 

believed a horse was in (unrelated to their HGS scores). This has been compared to the 

calculated HGS score that each participant group gave each of the same videos (Figure 4). 

Even considering 95% confidence interval, all groups had excellent inter-rater reliability for 

both overall ratings and HGS scores.   
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Figure 5. ICC for by group and 95% confidence limits for pre-training (A) and post training (B) 

FAU scorings. 

 

Note: ICC is scored on a scale of 0-1, with less than 0.50 indicating poor reliability (red), between 0.50 and 0.75 moderate 

reliability (yellow), between 0.75 and 0.90 good reliability, and above 0.90 excellent reliability (green)103. 
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The above graphs compare ICC for each participant group according to FAU, before training 

(Figure 5a) and after training (Figure 5b).  All groups had good ICC for all FAUs, with 

slightly more consistent scoring after training.  There was slightly less agreement between 

physical therapists for the FAUs mouth strained and pronounced chin and prominent strained 

chewing muscles after training in comparison to other groups. Animal welfare inspectors 

tended to have slightly less agreement before training, and this changed post-training. Stiffly 

backwards ears had the strongest agreement both before and after training.  

 

3.4 Uncertainty  

Participants were given the option for any FAUs to score “unsure” throughout all the videos. 

This indicates how certain participants from each group were about the scores they were 

giving before and after training. There was a clear reduction in uncertainty after training by 

all groups both for treatment and non-treatment subjects (Figure 6 & Figure 7). The mean 

percentage of uncertain participants for treatment horses was 10.8% ± 4.9%SD pre-training, 

and 2.4% ± 3.9%SD post-training. Meanwhile, the mean percentage of uncertain participants 

for non-treatment horses was 7.9% ±  3.4%SD pre-training, and 3.1% ± 3.6%SD post-

training. 

The control group were consistently more uncertain about scoring pain than other groups 

before training, both for treatment horses (uncertainty = 23.0%, compared to 2.5% [veterinary 

professionals], 8.8% [equine physical therapists], 8.1% [horse owner/rider], and 11.5% 

animal welfare inspectors]) and non-treatment horses (uncertainty = 18.5%, compared to 

1.2% [veterinary professionals], 9.8% [equine physical therapists], 4.8% [horse owner/rider], 

and 5.2% animal welfare inspectors]).  After training, these levels of uncertainty dropped 

substantially for all groups both for treatment horses (uncertainty = 6.8% [control], 0.6% 

[veterinary professionals], 2.4% [equine physical therapists], 2.0% [horse owner/rider], and 

0.0% animal welfare inspectors]) and non-treatment horses (uncertainty = 4.5% [control], 

0.0% [veterinary professionals], 6.0% [equine physical therapists], 3.8% [horse owner/rider], 

and 1.3% animal welfare inspectors]). Animal welfare inspectors were usually the next less 

certain group in the pre-training videos. Veterinary professionals did not often select 

“unsure” before or after training.  
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Figure 6.  Percentage of mean number of participants (+ SD) who scored “unsure” pre- and 

post-training 

 

 

Figure 6 shows the percentage of times participants in each group selected “unsure” before 

and after receiving training.   Control participants consistently were more unsure than other 

groups before training, and they were slightly more unsure than other participant groups after 

training.  Veterinary professionals were the most certain of all groups before and after 

training.  All groups showed more certainty following the training. 
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Note: The FAUs of the HGS have been shortened for the purpose of these graphs. Orbital refers to orbital 

tightening, nostrils refer to strained nostrils and flattening of the profile, mouth refers to mouth strained and 

pronounced chin, ears refer to stiffly backwards ears, cheeks refer to prominent strained chewing muscles, and 

above eye refers to tension above the eye area.  
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Figure 7. Percentage of unsure participants pre-training (A) and post training (B) based on FAU 

scorings. 
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Figure 7 breaks down uncertainty scores according to FAU and if the horse was filmed post-

castration.  Before training (Figure 7a) participants were more uncertain for all FAUs, with 

mildly more uncertainty for post-castration horses, especially for orbital tightening.  Control 

participants were consistently less certain than other groups both before and after training, but 

this difference was minimal after training.    
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4.0 Discussion 

This study investigated the effect of training on the HGS scores between groups of people 

with different levels of knowledge and experience with horses (animal welfare inspectors, 

horse owners/rider, equine physical therapists, veterinary professionals, and a control group). 

It tested the hypothesis that training would level the playing field between these groups and 

result in consistent assessment of horses, whether they be in pain or not, with similar HGS 

scores irrespective of background. The results showed that scores between groups had 

acceptable limits of agreement according to ICC both pre- and post-training, with an increase 

in overall consistency post-training. This suggests that training does improve the consistency 

of scoring between and within groups. Furthermore, following training there was an increase 

in the HGS scores given for both treatment and non-treatment horses (Figure 1). That is, 

participants were more likely to score horses as showing indicators of pain, despite there 

being an equal mix of videos of horses in pain and not in pain.  Training also resulted in a 

decrease in the number of “unsure” scores selected, suggesting that participants felt more 

confident about their responses (Figure 6 & Figure 7). However, it is important to note that 

training in the use of the HGS did not necessarily improve the accuracy of HGS scores by 

participants, particularly when compared to the scoring of the ‘experts’ (researcher and 

supervisors agreed upon HGS scores; Figure 3); this was especially evident for non-treatment 

horses.  

 

4.1 Horse Grimace Scale scoring 

Several interesting observations arose from the results of this study. Firstly, irrespective of 

group, all participants tended to score treatment horses higher on the HGS than non-treatment 

horses. This was also true for the control participant group before training, suggesting that no 

extensive previous knowledge of horses is required for people to be able to detect signs of 

pain in horses via their facial expressions. Before training, the control group scored treatment 

subjects 0.53 ± 0.33SD on the HGS, which was 68% higher than the mean score they gave to 

non-treatment subjects of 0.17 ± 0.21SD. This result supports previous evidence that people 

have an adaptive ability to recognise pain-related facial expressions in humans; it is possible 

that this ability may extend to other species, including horses18,43,104. It would need testing, 

but if this is the case, it is most likely that this would be more evident in species where 

humans have a long history of affiliation, such as domestic species, compared to more 
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exotic/wild species. This would suggest that grimace scales are useful in fine tuning people’s 

conscious processing of signs to look for when assessing an animal for the presence of pain 

and be a tool that could be developed for exotic species, which would be useful in zoos. 

However, it is also possible that participants are not reading facial expressions of pain, per se, 

but that horses producing more FAUs result in a biased interpretation of the underlying cause, 

as control animals showed few FAUs in their videos. Indeed, training in grimace scales may 

lead to further bias in how these FAUs are interpreted.  

Secondly, while training did improve consistency of HGS scoring according to ICC, it also 

resulted in participants scoring both treatment and non-treatment horses higher on the HGS. 

Participants were hypothesised to be able to detect subtle signs of pain more easily after 

receiving training, as they would have more awareness of how to look for each FAU and how 

each FAU presented for the HGS. However, they were also expected to recognise the absence 

of FAUs, which was predicted to have resulted in low grimace scores for non-treatment 

horses. This was not the case, since all participant groups gave higher HGS scores to non-

treatment horses post-training in comparison to the HGS scores they gave to non-treatment 

horses pre-training. It is unclear why this occurred, as training is deemed by the creators as a 

way for scorers to distinguish between both painful and non-painful states in horses33. This 

suggests that participants were biased towards expecting that the videos shown depicted 

horses in pain, leading to higher pain scores. It is therefore evident that context is an 

important component to use of the HGS, and blind scoring may not be accurate.  

The third point of note came from the request for participants to provide an overall pain 

rating for each video without referring to specific FAUs of the HGS; this allowed for a 

comparison to determine if HGS ratings were an accurate representation of if participants 

believed that the horse was in pain. Overall pain ratings were scored higher after training for 

control and post-castration horses. This further supports the evidence that participants saw 

more pain in horses post-training. Higher HGS scores may not have only been due to 

participants interpreting more FAUs as representing pain, since participants may have 

thought the post-training horses were in more pain regardless of the HGS. It is likely that 

participants did consider the FAUs they had been trained to recognise when they were asked 

how much pain they believed the horse was in even though this was not requested in the 

question. Before training, 25.5% of participants indicated post-castration horses to be in no 

pain, 41.5% of participants ranked post-castration horses to be in mild pain, and 25.8% of 

participants ranked post-castration horses to be in obvious pain when asked how much pain 
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they thought the horse to be in overall. After training, only 1.6% of participants indicated 

post-castration horses to be in no pain, 36.6% of participants indicated post-castration horses 

to be in mild pain, and 59.8% of participants indicated post-castration horses to be in obvious 

pain. Meanwhile, the average HGS score given by participants for post-castration horses pre-

training was 0.47 ± 0.31SD, when 0 = no pain, 1 = obvious pain, which indicated mild to 

moderate pain. After training, the average HGS score for post-castration horses increased by 

37.0% to 0.75 (SD 0.24), indicating moderate to severe pain.   

For control horses, a similar pattern can be seen when comparing overall pain ratings and 

HGS ratings. Before training, 67.7% of participants indicated control horses to be in no pain, 

21.8% of participants ranked control horses to be in mild pain, and 2.1% of participants 

ranked control horses to be in obvious pain when asked how much pain they thought the 

horse to be in overall. After training, 3.2% of participants indicated control horses to be in no 

pain, 41.3% of participants indicated control horses to be in mild pain, and 21.8% of 

participants indicated control horses to be in obvious pain. Meanwhile, the average HGS 

score given by participants for control horses pre-training was 0.14 (SD 0.17) which 

indicated no pain to mild pain. After training, this average HGS score for control horses 

increased by 65.9% to 0.41 (SD 0.31) indicating mild to moderate pain. This significant 

increase in pain scorings for control horses after training was unexpected, since training also 

included examples of the absence of FAUs. Although other studies have compared inter-rater 

reliability of the HGS before and after training, the effect of the training on scoring has not 

yet been thoroughly researched87. A study by Dalla Costa et al. (2016) also found that horses 

thought to be in pain are scored higher on the HGS in comparison to horses not thought to be 

experiencing pain66. Although this is a result that was consistent with the present study, the 

increase in HGS scores for both control horses and horses thought to be in pain after training 

is an area that warrants further investigation. 

The increase in HGS scores and overall pain scores post-training is not due to differences in 

the amount of pain shown by the horses in the videos themselves. This is supported by the 

expert group (researcher and supervisory team) who scored the post-training videos with no 

substantial increase in pain scores for treatment or non-treatment horses in comparison to the 

pre-training video scorings. The researchers gave treatment horses a mean HGS score of 0.69 

± 0.10SD for the pre-training videos and 0.75 ± 0.22SD for the post-training videos. This was 

a 4.5% increase in pain scores for treatment horses, compared to an average increase of 

37.0% in pain scores for treatment horses given by participants. When scoring non-treatment 
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horses, the researchers gave a mean HGS score of 0.08 ± 0.08SD for the pre-training videos 

and 0.14 ± 0.05SD for the post-training videos. This was an 14.0% increase in HGS scores, 

compared to an average increase of 65.9% for HGS scores between pre- and post-training for 

non-treatment horses given by other participants. This means that there may have been mild 

increases in the presence of FAUs in the post-training videos, but not to the extent portrayed 

by the participants HGS scores. The expert group did not go through the HGS training when 

giving their scores as they were already familiar with it. However, while they knew which 

videos showed a treatment or non-treatment horse, they did use the HGS as intended, so that 

non-treatment horses did not automatically receive a score of 0. If an FAU was seen which 

could be interpreted by the HGS as an indicator of pain, it was scored accordingly. 

Participants were often unable to identify the absence of FAUs and scored control subjects 

higher on the HGS than the researchers agreed was appropriate.  

A recent study by Stellon et al. (2022) found no significant differences in median pain rating 

scores between veterinarians and horse owners when scoring horses experiencing common 

painful conditions105. This is consistent with the outcomes of my study, that experience with 

horses through profession or involvement did not significantly affect the scores that 

participants gave. However, Stellon et al. (2022) found that other demographic factors such 

as education and the number of horses the horse owners had owned influenced their results, 

with people who had owned fewer than 10 horses giving lower pain scores. Stellon et al. 

(2022) also demonstrated a relationship between sex of the veterinarian and their pain scores, 

with males providing lower pain scores than females. My study did not find any significant 

correlations between sex or education and the FAU scorings given by participants. Only 7.1% 

of all participants included in my study identified as male, and consequently the ability to 

detect a sex effect was low. Since my study could only explain 39.5% of the results via 

participant group, training status, and treatment, future studies could further consider what 

other common factors might result in higher or lower FAU scores. It is difficult to conclude 

from my study what other factors could potentially explain more of the data variation. I did 

not investigate the nature of the participants’ experience with horses deeply, but it may be 

important to consider in future studies. One further possible variable which could be 

considered is the impact of training approaches related to the HGS.  

Studies by Dalla Costa et al. (2014 and 2016) have suggested that a short training, as used by 

my study, is effective for all people familiar with horses33,66. Another preliminary study by 

Dai et al. (2018) suggested that the HGS could be scored by participants familiar with horses 
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with no training at all106. Dai et al. (2020) echoed this suggestion, despite finding that even a 

30-minute face-to-face training session including theory and practical experience was 

insufficient for control participants to accurately score HGS in comparison to a HGS expert87. 

This training involved a short lecture and question and answer session with an expert, and the 

same standard HGS as used in the present study. The suggestion by Dai et al. (2020) that a 

brief training sheet would still be sufficient for people outside of a control group was 

primarily based on the findings of Dalla Costa et al. (2014 and 2016). However, these studies 

by Dalla Costa et al. (2014 and 2016) included a participant group of five members 

experienced with equine welfare and/or HGS scoring, and four veterinarians respectively33,66. 

This was not representative of the entire population of people associated with horses. 

Furthermore, reliability in these studies was determined via ICC, and while my study also 

found high ICC between all participant groups before training, this does not necessarily 

correlate with correct HGS scoring. The present study also included larger participant groups 

from a wider variety of associations with horses. It would be interesting for future studies to 

further investigate the most appropriate training approach for effective results. In my study, 

training was not standardised, with participants able to spend as long as they wished 

reviewing the Dalla Costa et al. (2014) HGS photos and captions. One avenue would be for 

future studies to limit this and compare how different time frames affect results, especially 

given that Dai et al. (2020) claim that only a ‘brief’ period is needed. Furthermore, the results 

of a 30-minute standardised face-to-face training, similar to the one given to control 

participants by Dai et al. (2020), could be compared to my results, if this training was applied 

to a broader range of participants in the equine industry such as my study incorporated. As all 

these approaches use the images provided in the Dalla Costa et al. (2014) HGS training sheet, 

the use of live or videoed horses in training could also be investigated for improving accuracy 

and reliability. Honest facial expressions are dynamic; that is, they have a start, a peak, and 

an end related to emotion/state and observer interferance107. Still images must capture the 

height of the expression to be useful for training or interpretation purposes108. However, 

when reading facial expressions in humans, motion may play a key role, especially when 

environmental conditions, such as image quality and context, are suboptimal109. This 

certainly could be an issue with the HGS, as many of the images show either dark horses, or 

horses poorly lit33.  

Further to this, most studies investigating the use of HGS, and indeed the grimace scales for 

other species, to date have focused on participants scoring still photographs rather than real-
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time images, either as videos or live animals33,59,66,87. One study about the HGS did 

investigate still photographs to 15 second video clips; they found no significant differences in 

scoring66. This study only compared the scorings between two trained veterinarians, both 

with previous HGS scoring experience66. It was suggested that the 15-second video clips 

might be more difficult for participants to score in comparison to the still images since 

participants had more time to consider each FAU on the static images66. The present study 

aimed to make HGS scoring close to clinical real-time application by using 5-second video 

clips, as users of the HGS will need to be able to apply it to live animals, who are often 

moving. It would be interesting to explore if increasing the length these videos changed the 

way that participants scored the HGS. If participants had more time to focus on each FAU 

individually, they might score differently. Some participants of our study also commented 

that they thought they needed more time to score the FAUs. This is a factor that has not yet 

been considered by the literature in relation to grimace scales. 

 

4.1.2 Differences in scorings between videos  

Videos 2, 3, 6, 8, 9, and 11 tended to be scored similarly between different participant groups.  

Of these videos, the three pre-training videos (2, 3, and 6) are all of control horses, while the 

post-training videos (8, 9, and 11) are all post-castration horses. Participants seemed to have 

more agreement scoring horses not experiencing pain before training, but this switched to 

higher agreement for horses in pain after training. This may have been because participants 

had more bias towards identifying signs of pain after training was received. Post-training, 

participants often scored a higher presence of FAUs even for non-treatment subject videos. 

Some participants may have been less bias towards giving higher scores to FAUs that were 

not obviously present in the non-treatment videos after receiving training.  Given this 

difference, it would be interesting for future studies to explore the effect of HGS training 

using more than 12 videos.   

The researchers scored videos 4 and 8 higher than other groups. Meanwhile, all groups scored 

the HGS much higher than the researchers when considering videos 7 and 12. Videos 4 and 8 

were both of horses’ post-castration while videos 7 and 12 were of control horses. Video 7 

was of a horse that was resting. The partial closure of the eyes may have influenced the 

overall appearance of the face, so participants seem to have interpreted the FAUs differently. 

However, video 4 also consisted of some eyelid closure, which participants did not seem to 
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interpret as a major indicator of pain. However, when participants viewed video 4, they had 

not yet received training to explain what orbital tightening meant, so it is possible that the 

training changed their overall interpretation. This indicates that some FAUs such as orbital 

tightening may need to be explained more thoroughly in the HGS training to differentiate 

them as a pain indicator from routine horse behaviours. The horse in video 8 showed less 

pain through the more movable parts of his face such as ears and eyes, but the researchers 

noticed signs of a grimace through his chin, chewing muscles, nostrils, and tension above the 

eye area.  It is possible that in the absence of changes to the more obviously movable parts of 

the face (such as the eyes and ears) meant that they did not notice changes to the strain 

throughout other FAUs. Participants may have scored other FAUs higher when they noticed 

obvious changes to the ears and eyes if they had a bias to believing that the horse was in pain, 

without considering each FAU individually. This would suggest why video 7 was often 

scored higher than other control videos and why video 8 was scored lower than other videos 

of horses’ post-castration.  

It is possible that variations in agreement of FAU presence depending on video number is 

based on individual differences between horses. Videos of subjects displaying the clear 

presence or absence of FAUs that had a high ICC, such as stiffly backwards ears, may have 

been easier for participants to score if they then expected that the other FAUs which may 

have been less obvious (such as prominent strained chewing muscles) were present. 

However, this potential bias may be a limitation of the HGS, since different horses may 

express grimaces in different ways. Therefore, videos of different horses were used in this 

study to envelope a more representative picture of how people score horses in pain.  If only 

one horse was used in this study, it may not have represented a true grimace.  Further studies 

are yet to be completed on how individual characteristics influence the HGS, so it was 

important that a range of horses were captured.  However, this approach may also have been 

limited since there are no studies to date indicating if a five second video could be 

representative of a horse’s grimace.  It would be interesting for other studies to explore if 

changing the length of a video or using multiple videos from the same horse influences HGS 

scoring.  A previous study by Ijichi et al. (2014) found that the personality of individual 

horses influenced the way that they expressed pain, and that the expression of pain did not 

necessarily equate to the level of tissue damage14. For instance, one horse experiencing 

severe pain may express their pain more predominantly through FAUs such as prominent 

strained chewing muscles, while stiffly backwards ears may be more predominant in another 
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horse experiencing severe pain14. These differences in individual expression of pain between 

horse’s dependant on personality have not yet been fully explored regarding the HGS but 

have been shown to be present related to lameness behaviours in horses14.   

Many factors may have influenced the differences in pain presentation of horses between 

individual videos. As a prey species, some horses may have hidden their pain to a greater 

extent than others, since displays of pain-related behaviours in horses can be linked to 

individual personality differences14. Grimaces may not have been able to be completely 

hidden though, since previous studies have indicated that facial expressions cannot be 

completely suppressed voluntarily even by prey species77,110. Individual temperament of 

horses has also been shown to influence their behavioural responses to pain14. Future studies 

could explore how these individual differences effect the display of a grimace by horses, 

since if grimaces in some horses cannot be detected the HGS may under evaluate levels of 

pain. 

 

4.2 Uncertainty rates before and after training 

Another effect of training seemed to be an increase in the levels of certainty given by 

participants when they were scoring FAUs. Before training, participants selected “unsure” 

when scoring 8.4% of questions related to FAUs of non-treatment subjects. When scoring 

treatment subjects, 10.8% of all FAU questions were scored “unsure” pre-training. After 

training, this reduced to 3.1% of all FAUs being scored “unsure” for non-treatment subjects, 

and 2.4% of all FAUs being scored “unsure” for treatment subjects. Therefore, there was a 

substantial decrease in uncertainty rates after training had been received. 

The control participant group consistently scored “unsure” the most frequently out of all 

participant groups before training. This was to be expected since the control group had no 

personal experience of regular close interaction with horses, so they would be less likely to be 

able to read subtle facial cues. Control participants scored “unsure” an average of 20.7% 

across all FAUs before training. This was followed by animal welfare inspectors (9.6%), 

equine physical therapists (9.3%), horse owners/riders (6.5%), and finally veterinary 

professionals (1.9%). Veterinary professionals may have had the most experience with 

recognising a wide variety of painful conditions due to the nature and speciality of their 

training, which may have given them more confidence with scoring FAUs as they would 
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often interact with horses in pain. Animal welfare inspectors and equine physical therapists 

would also be expected to be able to recognise pain within their professions. However, 

animal welfare inspectors may not often look for subtle signs of pain such as facial cues since 

animal welfare intervention is usually sought for more extreme or obvious cases of poor 

welfare, such as obvious starvation or untreated physical injuries111. Indeed, animal welfare 

inspectors receive little training on horse welfare as part of their studies (Naden, K., personal 

communication). Equine physical therapists may rely more on other cues more specific to the 

musculoskeletal system, such as palpation and movement assessment5,112.  

Before training, participants were most unsure about scoring orbital tightening (15.3% of all 

participants), followed by tension above the eye area (9.5%), then equally by strained nostrils 

and flattening of the profile (9.4%), and prominent strained chewing muscles (9.4%). 

Participants were least unsure about stiffly backwards ears (4.9%), and strained mouth and 

pronounced chin (7.5%). After training, uncertainty rates for all FAUs dropped substantially, 

with the most uncertainty being around tension above the eye area (4.2%), followed by 

prominent strained chewing muscles (3.6%), orbital tightening (3.3%), strained nostrils and 

flattening of the profile (2.5%), strained mouth and pronounced chin (1.9%), and stiffly 

backwards ears (0.1%). Previous research that evaluated uncertainty rates after training has 

also found stiffly backwards ears to have no uncertainty (0%)33. However, uncertainty rates 

for other FAUs were higher than what was found in our study: mouth strained and 

pronounced chin scored equally with tension above the eye area at 21% uncertainty, followed 

by prominent strained chewing muscles (15%), orbital tightening (9%), and strained nostrils 

and flattening of the profile (8%)33. Uncertainty rates could have been higher in this previous 

study due to differences in camera views of the horse (frontal views created more 

uncertainty), poor quality images, and the use of photographic still images to score instead of 

videos33. 

Training was expected to act as an equaliser that would make FAU scoring and uncertainty 

rates more consistent between participant groups. For uncertainty rates, this was somewhat 

true. Although the control participant group still scored the highest rates of uncertainty at 

5.7%, this was a 72.5% decrease in uncertainty compared to the control groups pre-training. 

After training, the next highest rate of “unsure” scoring across FAUs by a participant group 

was equine physical therapists (4.2%), horse owners/riders (2.9%), animal welfare inspectors 

(0.6%), and finally veterinary professionals (0.3%). Veterinary professionals remained group 

showing the lowest proportion of uncertainty as they might have felt that they had to provide 
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a more definitive answer given that pain assessment and treatment is an important function of 

their profession. The combination of increased certainty and increased pain scores for control 

horses is somewhat concerning. It indicates that people may be overestimating pain in non-

painful subjects when using the HGS alone after receiving the short training given in the 

survey. This could lead to over-prescription of analgesics and unnecessary management of 

conditions, such as believing a horse needs to be on box rest. Unnecessary box rest has been 

found to increase risk of conditions such as laminitis and colic, as well as compromising the 

musculoskeletal and cardiovascular systems31,113,114. 

Uncertainty rates changed the most amongst animal welfare inspectors after training was 

given. Before training, animal welfare inspectors and equine physical therapists, had 

relatively high uncertainty rates compared to other participant groups who were previously 

experienced with horses. Equine physical therapists remained relatively higher than other 

participant groups in their uncertainty after training, second only to the control group. 

However, the uncertainty scored by animal welfare inspectors after training dropped to 

almost no “unsure” scores. In the control subject videos, only 2.6% of all scores for strained 

nostrils and flattening of the profile and prominent strained chewing muscles were rated 

“unsure” while all other FAUs had 100% certainty rates. Meanwhile, all FAUs for all pain 

videos were scored with 100% certainty by animal welfare inspectors after training.   

It is possible that participants were selecting “unsure” before they received training because 

they were unsure of what the terminology used in the HGS meant. It is also possible that 

participants felt able to take a best guess after training, so no longer felt the need to select 

“unsure”. This could have been directly linked to increased understanding of the terminology, 

of understanding of what the terminology referred to, or a combination of both. Future studies 

should investigate how terminology pre-training impacts HGS scores and uncertainty. 

 

4.3 ICC between and within participant groups 

Consistency of scoring within and between groups was measured by my study using Inter-

class Correlation Coefficient (ICC). ICC is scored on a scale of 0-1, with less than 0.50 

indicating poor reliability, between 0.50 and 0.75 moderate reliability, between 0.75 and 0.90 

good reliability, and above 0.90 excellent reliability103. Before training, all participant groups 

scored good to excellent inter-rater reliability for all FAUs, except for animal welfare 
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inspectors who only had moderate reliability (ICC = 0.73) when scoring prominent strained 

chewing muscles. Lower 95% confidence intervals often dropped into the moderate reliability 

range. The animal welfare inspector participant group often had more variation in their 

scorings, especially for strained nostrils and flattening of the profile (ICC = 0.80), and 

prominent strained chewing muscles (ICC = 0.73), both of which had 95% confidence 

intervals that fell into the poor reliability range. It is unclear why this is, but it is possible that 

animal welfare inspectors have more variable levels of experience and knowledge related to 

horses.   

After training, ICC scores for most FAUs also indicated good to excellent inter-rater 

reliability. There was slightly more variation in scores by equine physical therapists when 

considering strained nostrils and flattening of the profile (pre-training ICC = 0.92, post-

training ICC = 0.87). There was also a particular decrease in variation of scoring by the 

animal welfare inspector group when considering prominent strained chewing muscles, 

strained nostrils and flattening of the profile, and orbital tightening. Increased reliability after 

training was also indicated by a decrease in 95% error by all groups, especially in relation to 

orbital tightening, strained nostrils and flattening of the profile, mouth strained and 

pronounced chin, and prominent strained chewing muscles. Stiffly backwards ears scores 

were in particularly strong agreement after training for all groups. This supports some 

findings by Dai et al. (2020), who found that training particularly increased accuracy for 

scoring orbital tightening (post-training Cohen’s Kappa coefficient = 0.91) and stiffly 

backwards ears (post-training Cohen’s Kappa coefficient = 0.90) on the HGS when 

comparing control participants to one another87. Other research has also suggested that stiffly 

backwards ears (ICC = 0.97) is the most consistently scored FAU66.  

Stiffly backwards ears had excellent reliability for all participant groups, even when 

considering 95% error. This indicates that stiffly backwards ears may have been the easiest 

FAU for all participant groups to score even before training was received. However, this 

margin of error increased slightly after training for physical therapists and animal welfare 

inspectors. This was not a substantial increase and overall ICC remained within the excellent 

reliability range. Previous studies have also indicated that participants have stronger 

agreement when scoring stiffly backwards ears when using the HGS33,66. Before training, 

when compared to scoring of the researchers, Cohen’s Kappa coefficient was 0.68 for stiffly 

backwards ears in comparison to only 0.20 for tension above the eye area87. Other research 

considering the reliability of stiffly backwards ears between participants also found it to be 
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the most consistently scored FAU (ICC = 0.97)33. This agrees with the findings of the present 

study. 

Previous research by Dai et al. (2018) has found that tension above the eye area and strained 

nostrils may be more difficult to score than other FAUs on the HGS before participants 

received training106. However, this study only included five experienced observers with 

knowledge of equine welfare and/or FAU scoring. After training in my study, participants 

had more variability in their scores when considering the FAUs tension above the eye area, 

and mouth strained and pronounced chin (ICC for each = 0.91). This was followed by 

strained nostrils and flattening of the profile (ICC = 0.92), prominent strained chewing 

muscles (ICC = 0.93), orbital tightening (ICC = 0.94), and then stiffly backwards ears (ICC = 

0.97).  However, for both my study and the study by Dai et al (2018), ICC results were all 

similar and within the excellent reliability range. 

Another study by Dalla Costa et al. (2016) on the use of the HGS for horses experiencing 

laminitis found slightly more variable results in ICC for HGS scorings, with an ICC of 0.44 

for prominent strained chewing muscles, 0.68 for tension above the eye area, 0.76 for strained 

nostrils and flattening of the profile, 0.80 for mouth strained and pronounced chin, 0.93 for 

orbital tightening, and 0.95 for stiffly backwards ears66. All FAUs in this study, apart from 

orbital tightening and stiffly backwards ears, had noticeably less consistency between scorers 

compared to my study. However, this is unsurprising since that study only included four 

veterinarians as their entire participant group, so individual differences in scoring would have 

had a large effect on ICC66.  

The horse owner/rider participant group had the highest similarity for all FAUs in accordance 

with ICC within the group. It is possible that because they were such a large group, making 

up 47.5% of all respondents who answered the pre-training questions, individual variations in 

scoring did not have as much of a significant effect on overall inter-rater similarity. Another 

possibility is that horse owners/riders have similar understandings of horses and similar 

knowledge/beliefs about how they expect horses to display pain. However, this would 

contradict with the findings in the study by Stellon et al. (2022), that suggested that 

differences in demographic factors within such as number of horses owned, sex, and previous 

professional experience, had a significant impact on how they scored pain105.  Number of 

horses owned was not considered in the present study as a factor that could influence scoring 
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of the HGS, although number of years participants had been closely involved with horses did 

not significantly affect the present study’s results.  
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5.0 Conclusion 

To my knowledge, this is the first study that has reported on the effect of training or 

background experience on scoring pain in horses using the HGS. The average ICC for all 

FAUs indicated equally excellent reliability between all participant groups both before and 

after training, suggesting that training did not act as an equaliser in knowledge as expected. 

Treatment subjects were scored higher than control subjects, irrespective of training, 

indicating the potential for an innate ability to read facial expressions of pain or be influenced 

by large FAUs. However, both post-castration and control subjects were given higher HGS 

scores after participants received training, suggesting that training and analysis of videos 

without context results in a biased interpretation. Other factors such as age, sex, country of 

residence, education, and previous number of years’ experience with horses did not 

significantly impact participant scoring.  

My study suggests that all people attempting to apply the HGS may require further training to 

be able to use this grimace scale accurately and reliably, regardless of previous experience 

levels with horses. This contradicts suggestions made by previous literature that anyone 

familiar with horses would have the ability to apply the HGS after receiving a short training. 

Although inter-rater reliability according to ICC had been found to be good by these previous 

studies, the limited participant numbers used from a narrow range of backgrounds may 

confound these results when applying them to the broader population who may be interested 

in using the HGS. Furthermore, a strong ICC does not indicate accuracy of pain scores. Based 

on the findings of my study, all groups familiar with horses may not respond sufficiently to 

training consisting only of images and descriptions of FAUs. The effects of past experience 

with horses and the coinciding amount and type of training required for participants to be 

able to accurately use the HGS needs to be further investigated before the HGS can be 

considered a valid pain measurement tool. 

  



 

62 
 

REFERENCES 

1. McLennan, K. M. Why pain is still a welfare issue for farm animals, and how facial expression could 
be the answer. Agriculture (Switzerland) 8, 8 (2018). 

2. de Grauw, J. C. & van Loon, J. P. A. M. Systematic pain assessment in horses. The Veterinary Journal 
209, 14–22 (2016). 

3. Sotocina, S. G., Sorge, R. E., Zaloum, A., Tuttle, A. H., Martin L. J., Wieskopf, J. S., Mapplebeck, J. C. S., 
Wei, P., Zhan, S., Zhang, S., McDougall, J. J., King, O. D., Mogil, J. S. The Rat Grimace Scale: A partially 
automated method for quantifying pain in the laboratory rat via facial expressions. Molecular Pain 7, 
1744-8069-7–55 (2011). 

4. Mogil, J. S., Pang, D. S. J., Silva Dutra, G. G. & Chambers, C. T. The development and use of facial 
grimace scales for pain measurement in animals. Neuroscience & Biobehavioral Reviews 116, 480–
493 (2020). 

5. McGowan, C. M. & Cottriall, S. Introduction to equine physical therapy and rehabilitation. Veterinary 
Clinics of North America: Equine Practice 32, 1–12 (2016). 

6. Miller, A. L. & Leach, M. C. The Mouse Grimace Scale: A clinically useful tool? PLOS ONE 10, 
e0136000 (2015). 

7. Oliver, V., Rantere, D. D., Ritchie, R., Chisholm, J., Hecker, K. G., Pang, D. S. Psychometric assessment 
of the Rat Grimace Scale and development of an analgesic intervention score. PLoS ONE 9, e97882 
(2014). 

8. Dugdale, A. H. A. Progress in equine pain assessment? The Veterinary Journal 200, 210–211 (2014). 

9. Moseley, G. L. A pain neuromatrix approach to patients with chronic pain. Manual Therapy 8, 130–
140 (2003). 

10. Anderson, K. & Howards, C. Chronic pain: symptoms, diagnosis, & treatment. 5–6 (2011). 

11. Woolf, C. J. Central sensitization: implications for the diagnosis and treatment of pain. Pain 152, S2–
S15 (2011). 

12. Taylor, P. M., Pascoe, P. J. & Mama, K. R. Diagnosing and treating pain in the horse. Veterinary Clinics 
of North America: Equine Practice 18, 1–19 (2002). 

13. Bateson, P. Assessment of pain in animals. Animal Behaviour 42, 827–839 (1991). 

14. Ijichi, C., Collins, L. M. & Elwood, R. W. Pain expression is linked to personality in horses. Applied 
Animal Behaviour Science 152, 38–43 (2014). 

15. Miller, A. & Leach, M. Using the mouse grimace scale to assess pain associated with routine ear 
notching and the effect of analgesia in laboratory mice. Laboratory Animals 49, 117–120 (2015). 

16. van Loon, J. P. A. M., Back, W., Hellebrekers, L. J. & van Weeren, P. R. Application of a Composite 
Pain Scale to objectively monitor horses with somatic and visceral pain under hospital conditions. 
Journal of Equine Veterinary Science 30, 641–649 (2010). 

17. Van Dierendonck, M. C. & van Loon, J. P. A. M. Monitoring acute equine visceral pain with the Equine 
Utrecht University Scale for Composite Pain Assessment (EQUUS-COMPASS) and the Equine Utrecht 
University Scale for Facial Assessment of Pain (EQUUS-FAP): A validation study. The Veterinary 
Journal 216, 175–177 (2016). 

18. Gleerup, K. Assessing pain in horses. In Practice 40, 184(4):124 (2018). 



 

63 
 

19. Heleski, C. R. & Anthony, R. Science alone is not always enough: The importance of ethical 
assessment for a more comprehensive view of equine welfare. Journal of Veterinary Behavior 7, 
169–178 (2012). 

20. Keefe, F. J., Rumble, M. E., Scipio, C. D., Giordano, L. A. & Perri, L. M. Psychological aspects of 
persistent pain: current state of the science. The Journal of Pain 5, 195–211 (2004). 

21. Pritchett, L. C., Ulibarri, C., Roberts, M. C., Schneider, R. K. & Sellon, D. C. Identification of potential 
physiological and behavioral indicators of postoperative pain in horses after exploratory celiotomy 
for colic. Applied Animal Behaviour Science 80, 31–43 (2003). 

22. Haussler, K. K. The role of manual therapies in equine pain management. Veterinary Clinics of North 
America: Equine Practice 26, 579–601 (2010). 

23. Sotocina, S. G., Sorge, R. E., Zaloum, A., Tuttle, A. H., Martin, L. J., Wieskopf, J. S., Mapplebeck, J. C., 
Wei, P., Zhan, S., Zhang, S., McDougall, J. J., King, O. D., Mogil, J. S. The Rat Grimace Scale: a partially 
automated method for quantifying pain in the laboratory rat via facial expressions. Molecular Pain 7, 
1744-8069-7–55 (2011). 

24. Gleerup, K. B. & Lindegaard, C. Recognition and quantification of pain in horses: A tutorial review. 
Equine Veterinary Education 28, 47–57 (2016). 

25. van Loon, J. P. A. M. & van Dierendonck, M. C. Monitoring acute equine visceral pain with the Equine 
Utrecht University Scale for Composite Pain Assessment (EQUUS-COMPASS) and the Equine Utrecht 
University Scale for Facial Assessment of Pain (EQUUS-FAP): A scale-construction study. The 
Veterinary Journal 206, 356–364 (2015). 

26. Graubner, C., Gerber, V., Doherr, M. & Spadavecchia, C. Clinical application and reliability of a post 
abdominal surgery pain assessment scale (PASPAS) in horses. The Veterinary Journal 188, 178–183 
(2011). 

27. van Loon, J. P. A. M. & Van Dierendonck, M. C. Monitoring equine head-related pain with the Equine 
Utrecht University scale for facial assessment of pain (EQUUS-FAP). The Veterinary Journal 220, 88–
90 (2017). 

28. Bussières, G., Jacques, C., Lainay, O., Beauchamp, D., Leblond, A., Cadoré, J., Desmaizières, M., 
Cuvelliez, S., Troncy, E. Development of a composite orthopaedic pain scale in horses. Research in 
Veterinary Science 85, 294–306 (2008). 

29. Ashley, F. H., Waterman-Pearson, A. E. & Whay, H. R. Behavioural assessment of pain in horses and 
donkeys: application to clinical practice and future studies. Equine Veterinary Journal 37, 565–575 
(2010). 

30. Powell, H. A preliminary study into the use of manual lymphatic drainage to support recovery from 
laminitis. Journal of Equine Veterinary Science 33, 872 (2013). 

31. Wylie, C. E., Collins, S. N., Verheyen, K. L. P. & Newton, J. R. Risk factors for equine laminitis: A case-
control study conducted in veterinary-registered horses and ponies in Great Britain between 2009 
and 2011. The Veterinary Journal 198, 57–69 (2013). 

32. Wathan, J., Proops, L., Grounds, K. & McComb, K. Horses discriminate between facial expressions of 
conspecifics. Scientific Reports 6, 38322 (2016). 

33. Dalla Costa, E. Minero, M., Lebelt, D., Stuckle, D., Canali, E., Leach, M. Delopment of the Horse 
Grimace Scale (HGS) as a pain assessment tool in horses undergoing routine castration. PLoS ONE 9, 
e92281 (2014). 



 

64 
 

34. Price, J., Catriona, S., Welsh, E. M. & Waran, N. K. Preliminary evaluation of a behaviour–based 
system for assessment of post–operative pain in horses following arthroscopic surgery. Veterinary 
Anaesthesia and Analgesia 30, 124–137 (2003). 

35. Defensor, E. B., Corley, M. J., Blanchard, R. J. & Blanchard, D. C. Facial expressions of mice in 
aggressive and fearful contexts. Physiology & Behavior 107, 680–685 (2012). 

36. Stucke, D., Große Ruse, M. & Lebelt, D. Measuring heart rate variability in horses to investigate the 
autonomic nervous system activity – Pros and cons of different methods. Applied Animal Behaviour 
Science 166, 1–10 (2015). 

37. Rietmann, T. R., Stuarta, A. E. A., Bernasconib, P., Stauffacherc, M., Auera, J. A., Weishaupt, M. A. 
Assessment of mental stress in warmblood horses: heart rate variability in comparison to heart rate 
and selected behavioural parameters. Applied Animal Behaviour Science 88, 121–136 (2004). 

38. Gehrke, E. K., Baldwin, A. & Schiltz, P. M. Heart rate variability in horses engaged in equine-assisted 
activities. Journal of Equine Veterinary Science 31, 78–84 (2011). 

39. Hausberger, M., Fureix, C. & Lesimple, C. Detecting horses’ sickness: In search of visible signs. 
Applied Animal Behaviour Science 175, 41–49 (2016). 

40. Dyson, S. An approach to sports horses with potential thoracolumbar and lumbosacral pain 
international medicine, lameness, pharmacology, physiology. Proceedings of the Bain Fallon 
Memorial Lectures 31, 16–23 (2009). 

41. Bussières, G., Jacques, C., Lainay, O., Beauchamp, D., Leblond, A., Cadoré, J., Desmaizières, M., 
Cuvelliez, S., Troncy, E. Development of a composite orthopaedic pain scale in horses. Research in 
Veterinary Science 85, 294–306 (2008). 

42. Visser, E. K. & Van Wijk-Jansen, E. E. C. Diversity in horse enthusiasts with respect to horse welfare: 
An explorative study. Journal of Veterinary Behavior 7, 295–304 (2012). 

43. Gleerup, K. B., Forkman, B., Lindegaard, C. & Andersen, P. H. An equine pain face. Veterinary 
Anaesthesia and Analgesia 42, 103–114 (2015). 

44. Langford, D. J., Bailey, A. L., Chanda, M. L., Clarke, S. E., Drummond, T. E., Echols, S., Glick, S., Ingrao, 

J., Klassen-Ross, T, Lacroix-Fralish, M. L., Matsumiya, L., Sorge, R. E., Sotocinal, S. G., Tabaka, J. M., 
Wong, D., van den Maagdenberg, A. M. J. M., Ferrari, M. D., Craig, K, D., Mogil, J. S. Coding of facial 
expressions of pain in the laboratory mouse. Nature Methods 7, 447–449 (2010). 

45. Torcivia, C. & McDonnell, S. In-person caretaker visits disrupt ongoing discomfort behavior in 
hospitalized equine orthopedic surgical patients. Animals 10, 210 (2020). 

46. Smith, A. V., Proops, L., Grounds, K., Wathan, J. & McComb, K. Functionally relevant responses to 
human facial expressions of emotion in the domestic horse ( Equus caballus ). Biology Letters 12, 
20150907 (2016). 

47. Leach, M. C., Coulter, C. A., Richardson, C. A. & Flecknell, P. A. Are we looking in the wrong place? 
Implications for behavioural-based pain assessment in rabbits (Oryctolagus cuniculi) and beyond? 
PLoS ONE 6, e13347 (2011). 

48. Poole, G. D. & Craig, K. D. Judgments of genuine, suppressed, and faked facial expressions of pain. 
Journal of Personality and Social Psychology 63, 797–805 (1992). 

49. Simon, D., Craig, K. D., Gosselin, F., Belin, P. & Rainville, P. Recognition and discrimination of 
prototypical dynamic expressions of pain and emotions. Pain 135, 55–64 (2008). 



 

65 
 

50. Hamm, J., Kohler, C. G., Gur, R. C. & Verma, R. Automated Facial Action Coding System for dynamic 
analysis of facial expressions in neuropsychiatric disorders. Journal of Neuroscience Methods 200, 
237–256 (2011). 

51. Heiderich, T. M., Leslie, A. T. F. S. & Guinsburg, R. Neonatal procedural pain can be assessed by 
computer software that has good sensitivity and specificity to detect facial movements. Acta 
Paediatrica 104, e63–e69 (2015). 

52. Grunau, R. V. E. & Craig, K. D. Pain expression in neonates: facial action and cry. Pain 28, 395–410 
(1987). 

53. Ashraf, A. B., Lucey, S., Cohn, J. F., Chen, T., Ambadar, Z., Prkachin, K. M., Solomon, P. E. The painful 
face – Pain expression recognition using active appearance models. Image and Vision Computing 27, 
1788–1796 (2009). 

54. Jordan, A., Hughes, J., Pakresi, M., Hepburn, S. & O’Brien, J. T. The utility of PAINAD in assessing pain 
in a UK population with severe dementia. International Journal of Geriatric Psychiatry 26, 118–126 
(2011). 

55. Prkachin, K. M. & Mercer, S. R. Pain expression in patients with shoulder pathology: validity, 
properties and relationship to sickness impact. Pain 39, 257–265 (1989). 

56. Parr, L. A. & Waller, B. M. Understanding chimpanzee facial expression: insights into the evolution of 
communication. Social Cognitive and Affective Neuroscience 1, 221–228 (2006). 

57. Evangelista, M. C., Watanabe, R., Leung, V. S. Y., Monteiro, B. P., O’Toole, E., Pang, D. S. J., Steagall, 
P. V. Facial expressions of pain in cats: the development and validation of a Feline Grimace Scale. 
Scientific Reports 9, 19128 (2019). 

58. Vullo, C., Barbieri, S., Catone, G., Graic, J., Magaletti, M., Di Rosa, A., Motta, A., Tremolada, C., Canali, 
E., Dalla Costa, E.  Is the Piglet Grimace Scale (PGS) a useful welfare indicator to assess pain after 
cryptorchidectomy in growing pigs? Animals 10, 412 (2020). 

59. Dalla Costa, E., Pascuzzo, R., Leach, M. C., Dai, F., Lebelt, D., Vantini, S., Minero, M. Can grimace 
scales estimate the pain status in horses and mice? A statistical approach to identify a classifier. 
PLOS ONE 13, e0200339 (2018). 

60. Guesgen, M. J., Beausoleil, N. J., Leach, M., Minot, E. O., Stewart, M., Stafford, K. J. Coding and 
quantification of a facial expression for pain in lambs. Behavioural Processes 132, 49–56 (2016). 

61. Leung, V., Zhang, E. & Pang, D. S. Real-time application of the Rat Grimace Scale as a welfare 
refinement in laboratory rats. Scientific Reports 6, 31667 (2016). 

62. Klune, C. B., Larkin, A. E., Leung, V. S. Y. & Pang, D. Comparing the Rat Grimace Scale and a 
composite behaviour score in rats. PLOS ONE 14, e0209467 (2019). 

63. Pritchett, L. C., Ulibarri, C., Roberts, M. C., Schneider, R. K. & Sellon, D. C. Identification of potential 
physiological and behavioral indicators of postoperative pain in horses after exploratory celiotomy 
for colic. Applied Animal Behaviour Science 80, 31–43 (2003). 

64. Leach, M. C. Klaus, K., Miller, A, L., di Perrotolo, M. S., Sotocinal, S. G., Flecknell, P. A. The assessment 
of post-vasectomy pain in mice using behaviour and the Mouse Grimace Scale. PLoS ONE 7, e35656 
(2012). 

65. Evangelista, M. C. & Steagall, P. v. Agreement and reliability of the Feline Grimace Scale among cat 
owners, veterinarians, veterinary students and nurses. Scientific Reports 11, 5262 (2021). 



 

66 
 

66. Dalla Costa, E. Stuckle, D., Dai, F., Minero, M. Using the Horse Grimace Scale (HGS) to assess pain 
associated with acute laminitis in horses (Equus caballus). Animals 6, 47 (2016). 

67. Zhang, E. Q., Leung, V. S. & Pang, D. S. Influence of rater training on inter- and intrarater reliability 
when using the Rat Grimace Scale. Journal of the American Association for Laboratory Animal 
Science 58, 178–183 (2019). 

68. Ijichi, C., Collins, L. M. & Elwood, R. W. Pain expression is linked to personality in horses. Applied 
Animal Behaviour Science 152, 38–43 (2014). 

69. Sorge, R. E., Martin, L. J., Isbester, K. A., Sotocinal, S. G., Rosen, S., Tuttle, A. H., Wieskopf, J. S., 
Acland, E. L., Dokova, A., Kadoura, B., Leger, P., Mapplebeck, J. C., McPhail, M., Delaney, A., 
Wigerblad, G., Schumann, A. P., Quinn, T., Frasnelli, J., Svensson, C. I., Sternberg, W. F., Mogil, J. S. 
Olfactory exposure to males, including men, causes stress and related analgesia in rodents. Nature 
Methods 11, 629–632 (2014). 

70. Sutton, G. A., Paltiel, O., Soffer, M. & Turner, D. Validation of two behaviour-based pain scales for 
horses with acute colic. The Veterinary Journal 197, 646–650 (2013). 

71. Heale, R. & Twycross, A. Validity and reliability in quantitative studies. Evidence Based Nursing 18, 
66–67 (2015). 

72. Noble, H. & Smith, J. Issues of validity and reliability in qualitative research. Evidence Based Nursing 
18, 34–35 (2015). 

73. Kawano, T., Eguchi, S., Iwata, H., Yamanaka, D., Tateiwa, H., Locatelli, F. M., Yokoyama, M. Effects 
and underlying mechanisms of endotoxemia on post-incisional pain in rats. Life Sciences 148, 145–
153 (2016). 

74. Kawano, T., Takahashi, T., Iwata, H., Morikawa, A., Imori, S., Waki, S., Tamura, T., Yamazaki, F., 
Eguchi, S., Kumagai, N., Yokoyama, M. Effects of ketoprofen for prevention of postoperative 
cognitive dysfunction in aged rats. Journal of Anesthesia 28, 932–936 (2014). 

75. Roughan, J. V & Flecknell, P. A. Behaviour-based assessment of the duration of laparotomy-induced 
abdominal pain and the analgesic effects of carprofen and buprenorphine in rats. Behavioural 
pharmacology 15, 461–72 (2004). 

76. Roughan, J. V & Flecknell, P. A. Behavioural effects of laparotomy and analgesic effects of ketoprofen 
and carprofen in rats. Pain 90, 65–74 (2001). 

77. Williams, A. C. de C. Facial expression of pain: An evolutionary account. Behavioral and Brain 
Sciences 25, 439-488 (2002). 

78. Schneider, L. E. Henley, K. Y., Turner, O. A., Pat, B., Niedzielko, T. L., Floyd, C. L. Application of the Rat 
Grimace Scale as a marker of supraspinal pain sensation after cervical spinal cord injury. Journal of 
Neurotrauma 34, 2982–2993 (2017). 

79. Di Giminiani, P., Brierley, V. L. M. H., Scollo, A., Gottardo, F., Malcolm, M. M., Edwards, S. A., Leach 
Matthew C.  The assessment of facial expressions in piglets undergoing tail docking and castration: 
toward the development of the Piglet Grimace Scale. Frontiers in Veterinary Science 3, (2016). 

80. Ballantyne, M., Stevens, B., McAllister, M., Dionne, K. & Jack, A. Validation of the premature infant 
pain profile in the clinical setting. Clinical Journal of Pain 15, 297–303 (1999). 

81. Evangelista, M. C., Benito, J., Monteiro, B. P., Watanabe, R., Doodnaugh, G. M., Pang, D. S. J., 
Steagall, P. V. Clinical applicability of the Feline Grimace Scale: real-time versus image scoring and 
the influence of sedation and surgery. Peer Journal 8, e8967 (2020). 



 

67 
 

82. Dalla Costa, E., Bracci, D., Dai, F., Lebelt, D. & Minero, M. Do different emotional states affect the 
Horse Grimace Scale score? A Pilot Study. Journal of Equine Veterinary Science 54, 114–117 (2017). 

83. van Loon, J., Verhaar, N., van den Berg, E., Ross, S. & de Grauw, J. Objective assessment of acute pain 
in foals using a facial expression-based pain scale. Animals 10, 1610 (2020). 

84. van Loon, J. P. A. M. & Van Dierendonck, M. C. Pain assessment in horses after orthopaedic surgery 
and with orthopaedic trauma. The Veterinary Journal 246, 85–91 (2019). 

85. Heck, L., Sanchez-Villagra, M. R. & Stange, M. Why the long face? Comparative shape analysis of 
miniature, pony, and other horse skulls reveals changes in ontogenetic growth. Peer Journal 7, e7678 
(2019). 

86. Merkies, K., Paraschou, G. & McGreevy, P. D. Morphometric characteristics of the skull in horses and 
donkeys—A Pilot Study. Animals 10, 1002 (2020). 

87. Dai, F., Leach, M., MacRae, A. M., Minero, M. & Dalla Costa, E. Does thirty-minute standardised 
training improve the inter-observer reliability of the Horse Grimace Scale (HGS)? A case study. 
Animals 10, 781 (2020). 

88. Haussler, K. K. Review of manual therapy techniques in equine practice. Journal of Equine Veterinary 
Science 29, 849–869 (2009). 

89. Trindade, P. H. E., Taffarel, M. O. & Luna, S. P. L. Spontaneous behaviors of post-orchiectomy pain in 
horses regardless of the effects of time of day, Anesthesia, and Analgesia. Animals 11, 1629 (2021). 

90. New Zealand Statutes. Animal Welfare Act. (1999). 

91. New Zealand Statutes. Horse and Donkey Code of Welfare. (2016). 

92. Soma, L. R., Uboh, C. E. & Maylin, G. M. The use of phenylbutazone in the horse. Journal of 
Veterinary Pharmacology and Therapeutics 35, 1–12 (2012). 

93. Microsoft® Excel® for Microsoft 365 MSO. (2020). 

94. Barton, K. MuMIn: multi-modal inference. R package: version 1.7.2. (2012). 

95. Akaike, H. A new look at the statistical model identification. IEEE Transactions on Automatic Control 
19, 716–723 (1974). 

96. Burnham, K. P. & Anderson, D. R. Model Selection and Multimodel Inference. Springer New York, 
(2004). doi:10.1007/b97636. 

97. Burnham, K. P., Anderson, D. R. & Huyvaert, K. P. AIC model selection and multimodel inference in 
behavioral ecology: some background, observations, and comparisons. Behavioral Ecology and 
Sociobiology 65, 23–35 (2011). 

98. Whittingham, M. J., Stephens, P. A., Bradbury, R. B. & Freckleton, R. P. Why do we still use stepwise 
modelling in ecology and behaviour? Journal of Animal Ecology 75, 1182–1189 (2006). 

99. IBM SPSS Statistics. (2001). Version 28.0.1.1(142). 

100. Pleil, J. D., Wallace, M. A. G., Stiegel, M. A. & Funk, W. E. Human biomarker interpretation: the 
importance of intra-class correlation coefficients (ICC) and their calculations based on mixed models, 
ANOVA, and variance estimates. Journal of Toxicology and Environmental Health, Part B 21, 161–180 
(2018). 

101. Dyson, S., Ellis, A., Mullard, J. & Berger, J. Response to Gleerup: Understanding signals that indicate 
pain in ridden horses. Journal of Veterinary Behavior 23, 87–90 (2018). 



 

68 
 

102. Sellon, D. C., Sanz, M., Kopper, J. J. & Mattei, D. Pain severity scores for common equine disorders as 
provided by horse owners and equine veterinarians. Equine Veterinary Journal (2022). Online ahead 
of print. doi:10.1111/evj.13559. 

103. Dai, F., Dalla Costa, E. & Minero, M. Efficacy of a standardized training on horse welfare indicators: a 
preliminary study. International Journal of Health, Animal Science and Food Safety 5, (2018). 

104. Scherer, K. R., Ellgring, H., Dieckmann, A., Unfried, M. & Mortillaro, M. Dynamic Facial Expression of 
Emotion and Observer Inference. Frontiers in Psychology 10, (2019). 

105. Gold, J. M. et al. The efficiency of dynamic and static facial expression recognition. Journal of Vision 
13, 23–23 (2013). 

106. Korolkova, O. A. The role of temporal inversion in the perception of realistic and morphed dynamic 
transitions between facial expressions. Vision Research 143, 42–51 (2018). 

107. Keating, S. C. J., Thomas, A. A., Flecknell, P. A. & Leach, M. C. Evaluation of EMLA cream for 
preventing pain during tattooing of rabbits: changes in physiological, behavioural and facial 
expression responses. PLoS ONE 7, e44437 (2012). 

108. Lundmark, F., Berg, C. & Röcklinsberg, H. Private animal welfare standards—opportunities and risks. 
Animals 8, 4 (2018). 

109. Nemery, E., Gabriel, A., Cassart, D., Bayrou, C., Piret, J., Antoine, N., Nilsson, M., Steinwall, L., 
Jacobson, I., Martins, Â., Carvalho, C., Viegas, I., Marcellin-Little, D. J., Harrysson, O., Crimi, C. S., 
Levine, D., Calatayud, M., Resano, M., Mucha, M., Virac, I., … Dickson, R. Proceedings of the 9th 
international symposium on veterinary rehabilitation and physical therapy. Acta Veterinaria 
Scandinavica 58, 85 (2016). 

110. Archer, D. Decision making in the management of the colicky horse. In Practice 26, 378–385 (2004). 

111. Weeren, P. R., Firth, E. C., Brommer, H., Hyttinen, M. M., Helminen, A. E., Rogers, C. W., Degroot, J., 
Brama, P. A. Early exercise advances the maturation of glycosaminoglycans and collagen in the 
extracellular matrix of articular cartilage in the horse. Equine Veterinary Journal 40, 128–135 (2008). 

  



 

69 
 

APPENDICIES 

Appendix 1. Participant information page used in the survey. 

Appendix 2. Participant demographic questions. 

Appendix 3: Example of question before participants received HGS training. 

Appendix 4: Example of one of the HGS training pages given to participants during survey. 

Appendix 5: Full HGS training provided to participants during survey. 

Appendix 6: Example of question after participants received HGS training. 

Appendix 7: Examples of freeze frames of treatment subject and non-treatment subject 

videos. 

 

 

 

 

 

 

 

 

  



 

70 
 

APPENDIX 1: Participant information page used in the survey. 

 

Recognising signs of pain in horses 

Welcome! 

• Information for Participants 

I am a student currently enrolled in the Master of Osteopathy degree at Unitec New 

Zealand. I seek your help in meeting the requirements of research for a Thesis course 

which forms a substantial part of this degree. 

What we are doing 

We are conducting a research project to validate a pain scale for horses. This scale assesses pain 
levels in horses by focusing on aspects of their facial expressions. Your assistance is required to 
help us determine if this scale can be considered a universal pain assessment tool for horses. 
The ability to assess potential pain in horses in a quantitative manner can help all involved in the 
welfare of horses to manage pain in an ethical and appropriate manner. 

What it will mean for you 

You will be asked to look at short video clips of horses faces and then rate the level of pain you 
perceive the horse to be in from no pain to obvious pain, based on aspects of their facial 
expressions.  This survey will take an estimated 15 minutes of your time.  All responses will 
remain anonymous. 

   

If you agree to participate, submission of the survey will be assumed as consent. This means: 

• You agree that you have read and understood the project information. 

• You understand that you do not have to be part of this research project should you chose 
not to participate and may withdraw at any point throughout the survey. 

• You understand that everything you say is confidential and none of the information you 
give will identify you. 

• You have had time to consider everything and give consent to be a part of this project. 

  

This survey us anonymous. Your responses will be kept completely confidential. Neither you nor 
your organisation will be identified in the published results. All information collected from you 
will be stored on a password protected file and only the researcher and supervisors will have 
access to this information. 
  

We hope that you find this invitation to be of interest.  If you have any queries about this 
research, you may contact the principal supervisor at Unitec New Zealand: 
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                    Nigel Adams 

                    Email:  nadams@unitec.ac.nz  

  

UREC REGISTRATION NUMBER: 2020-1032   

This study has been approved by the UNITEC Research Ethics Committee from 28/10/2020 to 
28/10/2021.  If you have any complaints or reservations about the ethical conduct of this 
research, you may contact the Committee through the UREC Secretary (ph: 09 815-4321 ext 
8551).  Any issues you raise will be treated in confidence and investigated fully, and you will be 
informed of the outcome. 
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APPENDIX 2: Participant demographic questions. 
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APPENDIX 3: Example of question before participants received HGS 

training. 
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APPENDIX 4: Example of one of the HGS training pages given to 

participants during survey. 
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APPENDIX 5: Full HGS training provided to participants during survey. 

Taken from:  Dalla Costa, E. et al. Development of the Horse Grimace Scale (HGS) as a Pain Assessment Tool in Horses 

Undergoing Routine Castration. PLoS One 9, e92281 (2014). 
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APPENDIX 6: Example of question after participants received HGS 

training.  
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APPENDIX 7: Examples of freeze frames of treatment subject and non-

treatment subject videos. 

Treatment subject: 

 

 

 

Non-treatment subject: 

 

 




