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Abstract 

To investigate abilities and differences in dog pain sign recognition, we assessed 

these recognition skills in 530 dog owners and 117 non-dog owners through an online 

questionnaire. We asked participants to score the likeliness of pain relevance for 

seventeen dog behavioural signs and in three dog behavioural cases. When assess-

ing the seventeen behavioural signs, the signs of ‘change in personality’, ‘hesitant 

paw lifting’, ‘fluctuating mood’ and ‘reduced play’ were scored at higher pain likeliness 

scores than ‘air sniffing’, ‘nose licking’ and ‘yawning’. The behaviours of ‘turning the 

head or body away’ and ‘freezing’ were scored at higher pain likeliness scores by 

non-dog owners than dog owners. The cases twice regarded behaviours of a dog 

with a painful condition and once without such a condition. One painful condition 

came with overt pain signs, related to movement ability once and the other painful 

condition came with subtle pain signs, such as shadowing family members and rest-

lessness at night. We found that participants rated the likeliness of pain significantly 

higher in the case describing overt dog pain signs, related to movement ability. Dog 

owners’ ratings for this case were slightly higher than non-dog owners’ ratings. Yet, 

for the case describing subtle dog pain signs, such as shadowing and restlessness, 

no differences were found between dog owners and non-dog owners. This may indi-

cate that dog owners recognise subtle dog pain signs with less ease. Possibly, dog 

owners recognise signs such as ‘turning head or body away’ and ‘freezing’ (more so) 

as a stress/fear sign, than as a possible pain sign. We argue that education on dog 

behaviour may benefit from addressing how behavioural signs may also, or alterna-

tively, be indicative of pain. Our finding that owners of dogs that experienced a painful 

event, scored a higher likeliness of certain possible pain signs, indicates that expe-

rience matters and this underpins how education on dog behaviour could possibly 

benefit animal welfare through addressing subtle pain signs in dogs.
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Introduction

In view of the continuing growth in companion animal ownership of about 3% per 
year, approximately 46% of the European households accommodate at least one 
companion animal [1]. After cats, living in 26% of households, dogs follow closely, 
living in 25% of households [2]. With such high numbers of dogs living with humans, 
it is of interest to know how dog ownership affects human well-being [3–7] and how 
dogs are influenced by living with humans [8–11]. A clear risk for both dogs and their 
owners is biting risk [12–14], as seen in dog bites causing 350.000 US emergency 
department treatments in 2018 [13] and 1.6 million treatments between 2005–2009 
[14]. A dog’s biting may stem from several causes and motivational states, among 
which fear motivation and pain experiences [15–18]. Risk of biting may increase if 
people living with or around dogs fail to adequately observe and interpret a dog’s 
body language [19,20]. Body language of a dog seems relevant, as often dog bites 
occur when people interact with (familiar) dogs, as was seen in familiar dogs causing 
a biting incident in 66% (N = 320 of 484) of self-identified UK dog bite victim cases 
[21]. Adequate recognition of warning signs from dog body language may prevent or 
stop risky interactions from occurring.

Both dog owners and non-dog owners may find it challenging to observe and inter-
pret dog body language correctly [22]. In recent years, studies have provided new 
insights on how people may use a dog’s facial expression to recognise certain emo-
tions [23,24]. However, studies on subtle dog behaviour recognition seem less avail-
able to date, particularly with regard to recognising the emotion of pain. One study 
on dog emotion recognition, that included pain as a secondary emotion, focused on 
facial versus bodily expression channels [25]. The study indicated that dog ownership 
related to higher recognition of certain emotions than non-dog ownership. Yet, dog 
ownership related negatively to recognising ‘sad facial expression’ and no significant 
relationship was found for dog ownership and recognition of pain [25].

The lack of studies exploring the ability of dog owners and non-dog owners in 
interpreting a dog’s subtle pain signs, could be regarded a scientific gap. These sub-
tle signs in a dog’s behaviour might provide early warning signs for dog aggression, 
allowing for mitigation of the previously mentioned dog biting risks, if pain is causal 
to a dog’s aggression. When in pain, dogs may behave unpredictably and react to 
stimuli that they usually would not react to with aggression [26]. Thus, the recognition 
of subtle behavioural signs might be of value to human health and wellbeing. Also, 
dog welfare might benefit, as recognition of subtle pain signs could lead to more 
timely pain intervention [21]. A dog’s pain experience may at first, or only, be reflected 
in subtle signs and missing these signs may prolong and/or worsen a dog’s suffering 
[26]. In dogs and other animals, pain signs are often subtle. In a narrative review, 
examples of subtle signs for chronic pain included a more withdrawn demeanour, 
reduced sociability and play, reluctance or refusal to perform activities such as jump-
ing into a car [27]. As a consequence of the subtleness of some pain signs, it may be 
difficult to recognise pain signs in dogs. Yet, the recognition and correct interpretation 
of subtle behavioural signs might be necessary to prevent aggression and (further) 
suffering of a dog in pain.

of the Creative Commons Attribution License, 
which permits unrestricted use, distribution, 
and reproduction in any medium, provided the 
original author and source are credited.

Data availability statement: All relevant data 
are within the manuscript and its Supporting 
information files.

Funding: The author(s) received no specific 
funding for this work.

Competing interests: The authors have 
declared that no competing interests exist.

http://creativecommons.org/licenses/by/4.0/


PLOS One | https://doi.org/10.1371/journal.pone.0344512  April 1, 2026 3 / 16

People do recognise that dogs can experience pain, as seen in over 75% of participants in a survey of 438 dog and cat 
owners reporting that dogs can experience pain [28]. To recognise pain, more than half of the participants studied body 
posture, facial expression, speed of movement and vocalisation [28]. If humans with and without dogs recognise a dog’s 
pain experience and look at certain signs, this offers opportunities to teach them also the subtle signs of a dog’s pain. For 
instance, educational tools could be developed to increase dog pain sign awareness. To be able to develop such educa-
tional tools, an advanced insight into dog (subtle) pain sign recognition is needed and a recent article by Mills et al. [29] 
offers a basis to assess this recognition. Mills et al. lists signs that are not yet widely recognised as possible pain signs, 
such as lip licking, air sniffing, reduced playing and increased grooming [29]. As a first step towards improving recognition 
of subtle pain signs in dogs, we studied skills in dog owners and non-dog owners regarding the identification of a dog’s 
behavioural signs being possibly indicative of pain. We did so, based on three cases and the signs listed in Mills et al. 
[29] as ‘common signals and cues to discomfort’, such as pain. Following the information provided in the second para-
graph (above), that both dog owners and non-dog owners find it challenging to observe and interpret dog body language 
correctly [21], we hypothesized that dog owners do not recognise subtle dog pain signs more so than non-dog owners. 
Based on studies indicating that a person’s own painful experiences affect perception of pain signs [30,31], we secondly 
hypothesized that participants with a personal painful experience recognise subtle dog pain signs more so than those 
without such experience. Thirdly, we tested in dog owners only, if previous experience with a dog undergoing a painful 
experience, comes with improved recognition of subtle dog pain signs, based on an assumption that dog owners may 
have received education by veterinarians on subtle pain signs at the time of the painful experience of their dog [32].

Methods

Questionnaire development

An online questionnaire, composed of four sections, was created in Dutch, using Qualtrics® Experience Management. The 
first section consisted of six artificial intelligence generated images, three of these depicting dogs showing postures and 
behaviours indicative for pain (praying position, hunched back, lifted paw) according to current literature [29,33], and three 
displaying dogs performing routine behaviours and postures (play bow, hunting position and waiting position). The images 
were presented in mixed order to participants, asking to rate the likelihood of the displayed behaviours being indicative for 
pain on a numerical scale from 0 to 4 (0 = very unlikely, 1 = moderately unlikely, 2 = neutral, 3 = moderately likely, 4 = very 
likely). In the present study we did not use the study results from these images, as we aim to study these further in a sep-
arate study and focused the present article on pain sign recognition based on the descriptions of pain signs and cases. 
The second and third section of the questionnaire were central to this manuscript. In the second section, we tested par-
ticipant’s ability to recognise subtle dog pain signs based on a list of ‘common signals and cues to discomfort’ listed in a 
study by Mills et al. [29]. To facilitate understanding for participants without scientific background, we used the term ‘pain’, 
not the term ‘discomfort’. This allowed us to limit the number of questions presented to participants, as we only needed to 
include items on pain, and not also on discomfort. We discuss this choice in the Discussion section of our article. The sev-
enteen signs listed in the study by Mills et al. [29] were presented to the participants in a matrix. We asked the participants 
to evaluate each sign for its likelihood to be considered as a pain sign, using the numerical scale introduced in the first 
section and indicated above. A definition of pain was not provided, as not to influence the participants’ initial perception 
and interpretation of the seventeen signs (and the three cases).

In the third section, three separate cases of dogs were described in a vignette format. The first case, with subtle pain 
signs, referred to a dog suffering from panosteitis, a painful inflammatory disease [34], and the second case, with overt 
pain signs, pictured a dog with patella luxation, an orthopaedic condition often associated with chronic pain [29,35]. 
The third example described a dog which behaviour was motivated not through pain experience but through learning 
processes based on a prey drive after the neighbours started keeping rabbits in their garden [36,37]. The cases are 
described in S1 File and were created by a veterinarian and dog behavioural specialist. Pain descriptions regarded for 
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the first, subtle pain sign, case: increased attachment behaviour, shadowing adult family members, restlessness at night, 
not lying rolled up anymore, shortening the park walk; and for the second, overt pain sign, case: hopping, keeping left leg 
raised, less enthusiasm for park walk, lesser play with ball, opting for dog cushion not couch. Participants were instructed 
to rate the likelihood of six potential motivations of the dog’s behaviour (fear; hormones, such as in puberty; learning 
processes; the dog’s upbringing; pain; boredom), using the same numerical rating scale provided in the first two sections. 
In addition, participants were questioned to specify which of five possible reasons (0 = not a reason; 1 = a reason, with the 
option to select multiple behaviours) for the dog’s behaviour made them opt for the motivation they rated at the highest 
likeliness.

The last section of the questionnaire consisted of questions regarding the participant’s age and gender, possible pain 
experience (‘Have you experienced a) a painful treatment, b) a painful disease, c) a painful accident historically or pres-
ently?’), as well as supplementary questions addressing exclusively dog owners, about their dog’s age, for how long they 
had lived with the dog, sex and neutering status of the dog, if their dog was currently experiencing any physical (health) 
problems and if so which. Also, we asked if their dog underwent a painful treatment or suffer(ed) from a disease or acci-
dent in the present or past (grouped as ‘painful experience’). If participants filled in that they had a dog in the past but 
not at present, they were asked to indicate this dog’s painful experiences. Lastly, we inquired about their dog’s housing 
situation.

Participant recruitment and ethical considerations

A convenience sample was targeted via several social media platforms using a link providing access to the online 
questionnaire. The targeting included a picture of a dog and a short introductory text, describing that the study was 
about dog behaviour without specifying the study aim to assess pain recognition. Also, participants were informed of 
the anonymous collection of the data. After this, participants were asked if they wished to partake in the study and 
ticked a box to confirm consent if they wished to do so. Alternatively, they closed the browser if they did not wish to 
partake. The questionnaire was accessible between November 22nd and December 17th, 2024 to individuals aged 18 
years or older.

This project was part of a larger project for which we sought and received approval for both humans and dogs via the 
ethical boards responsible for reviewing research projects for these species. For humans specifically, which were the 
population of this survey-based study, ethical approval was sought and obtained from the Science-Geosciences Ethics 
Review Board of Utrecht University (22nd of May, 2024; ERB Review Vet S-24.002).

Data management and statistical analysis

We exported data from Qualtrics® to Microsoft Excel® and used IBM SPSS® Statistics version 29 for statistical analyses. 
For each of the above indicated seventeen behavioural signs and for each of the three cases, using the numerical scale 
indicated before, we expressed the indicated pain likeliness scores as mean ± S.D. for all participants and for dog owners 
and non-dog owners separately. For the cases we additionally present descriptive data for reasons provided by partici-
pants (overall) to select pain as a motivation in the three vignette cases.

Next, we combined scores of ‘0’ (very unlikely), ‘1’ (moderately unlikely) into ‘not (very) likely’ and we combined the 
scores of ‘3’ (moderately likely) and ‘4’ (very likely) into ‘(very) likely’, keeping ‘2’ (neutral) as the intermediate score. This 
combination was made as our interest was in knowing which signs people would likely regard as possible pain signs. For 
these new scores, we tested for differences with Mann-Whitney U tests a) between the dog owners and non-dog owners 
and b) between previous painful experiences or lack thereof in 1) participants and 2) dogs of dog-owning participants. To 
correct for multiple testing, we manually applied a Bonferroni correction to the P-values, by dividing a P-value of 0.05 by 
the number of 17 pairs tested for the pain sign comparisons, following [38]. This, as SPSS® does not automatically per-
form a Bonferroni correction for Mann-Whitney U tests. Thus, we regarded P-values of 0.003 as significant for the testing 
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of the pain signs; regarding P < 0.05 as a trend. For the other comparisons, that were ≤5 in the number of comparisons, 
we deemed a correction not necessary and regarded P < 0.05 as significant.

Results

Participant characteristics

A sample of 647 participants consisted of 530 dog-owners and 117 present non-dog owners. Dog owners regarded partici-
pants who presently had one or more dogs. Of the 117 non-dog owning participants, 54 had lived with a dog at some point 
during their lives, but presently did not own a dog. Of the 117 non-dog owning participants, 14 walked a dog, which took 
place for 13 of these less than weekly and for one person weekly or more often. The dogs of the dog-owning participants 
were mostly (55%, N = 290) adult, aged between three and ten years old, with 16% (N = 84) under three years old and 29% 
(N = 156) above ten years old. Most dogs had lived with their owners for longer than a year (89%, N = 471; 11%, N = 59 
were with their owner for a year or less). Male and female dogs were evenly spread, but dogs owned by participants were 
more likely to be neutered (neutered female 36%, N = 192; intact female 14%, N = 75; neutered male 27%, N = 142; intact 
male 23%, N = 121).

Most participants were 50–65 years old (42%, N = 271; 18–35 years 24%, N = 153; 35–50 years 25%, N = 161; 65 years 
or older 9%, N = 61, N = 1 missing value). When looking at dog owners and non-dog owners separately, this distribution was 
different, with the non-dog owning sample being relatively younger. More than half were 18–35 years (53%, N = 62; 35–50 
years 13%, N = 15; 50–65 years 27%, N = 32; 65 years or older 7%, N = 8). Most participants were female (88%, N = 568; male 
11%, N = 69, other or prefer not to say 2%, N = 10). When looking at dog owners and non-dog owners separately, this distribu-
tion was dissimilar, with more participants identifying with the male gender among the non-dog owners (21%, N = 22; female 
78%, N = 91; other or prefer not to say 2%, N = 2; dog owners: male: 11%, N = 69; female 88%, N = 568; other or prefer not to 
say 1%, N = 10). Most participants reported to not experience pain or to experience only mild pain at the time of filling out the 
questionnaire (83%, N = 538; average to strong 15%, N = 95; prefer not to say 2%, N = 14). When looking at dog owners and 
non-dog owners separately, this percentage was for the dog owners slightly lower: 82%, N = 433; average to strong 16%, 
N = 83; prefer not to say 3%, N = 14 and for non-dog owners slightly higher: 90%, N = 105; average to strong 10%, N = 12.

Of the 647 participants, a total of 56% (N = 363) indicated to have previously experienced a painful accident, illness or 
treatment (no such experience: 40%, N = 261; prefer not to say 3%, N = 23). Of the 530 dog owners 54% (N = 286) indi-
cated to have previously experienced a painful accident, illness or treatment (no such experience: 42%, N = 222; prefer not 
to say 4%, N = 21). Of the 117 non-dog owners 66% (N = 77) indicated to have previously experienced a painful accident, 
illness or treatment (no such experience: 33%, N = 39; prefer not to say 1%, N = 1). The distribution between accident, 
illness and treatment is presented in S2 Table. Of the dog owning participants 55% (N = 290) had previous experience with 
their dog’s painful accident, illness and/or treatment, with the percentages per experience presented in S3 Table.

The seventeen behavioural signs

Using the list of seventeen possible pain signs as explained in the Methods section, we assessed to which extent these were 
seen likely as indicative of pain by calculating means ± S.D.. We first assessed this for all participants, so for both dog owners 
and non-dog owners together. The three behaviours with the highest mean pain likeliness scores were: ‘change in person-
ality’, ‘hesitant paw lifting’, ‘fluctuating mood’ and ‘reduced play’ (≥3.1 on a scale from 0–4). The three behaviours with the 
lowest mean pain likeliness scores were: ‘nose licking’, ‘yawning’ and ‘air sniffing’ (≤1.8). S4 Table presents all means ± S.D..

The seventeen behavioural signs – dog ownership

Next, with Mann-Whitney U tests, we assessed how dog owners and non-dog owners might differ in attributing pain like-
liness to the seventeen behavioural signs. Dog owners and non-dog owners did not differ in their recognition of possible 
pain signs with the exception of three behaviours. Non-dog owners gave higher likeliness scores for turning the head or 
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body away (z = −3.51, P < 0.001) and freezing (trend: z = −2.68, P = 0.007). Dog owners gave higher likeliness scores for 
licking surfaces (trend: z = −2.68, P = 0.007; Table 1). S5 Table provides the observed frequencies per behavioural sign.

The seventeen behavioural signs – participants’ painful experiences

We assessed with Mann-Whitney U tests how a participant’s own previous painful experience could come with differ-
ences in recognising possible pain signs. Participants with and without such experience did not differ in their recognition 
of possible pain signs with the exception of a trend found for three behaviours. The dog’s changed personality (z = −2.22, 
P = 0.027), increased blinking (z = −2.24, P = 0.025) and yawning (z = −2.05, P = 0.040) were indicated more often to be a 
(very) likely pain sign by those with previous painful experience than those without (N = 23 missing values), see Table 2. 
S6 Table provides the observed frequencies per behavioural sign.

The seventeen behavioural signs – dogs’ painful experiences

Finally, we assessed with Mann-Whitney U tests how dog owners’ previous experience with their dog suffering a painful 
accident, illness and/or treatment could come with differences in recognising possible pain signs. Table 3 shows how 
participants with such experiences indicated pain sign-likeliness more often for two behaviours, with a trend for six addi-
tional behaviours. The two behaviours regarded changed look and reduced play (P < 0.001). The six behaviours regarded 
change in personality, coat changes, increased blinking, increased grooming, increased scratching and surface licking 
(P < 0.05). For the behaviours of air licking/sniffing, fluctuating mood, freezing, hesitant paw lifting, lip/nose licking, turn-
ing the head or body away and yawning such differences were not found (all P > 0.05). S7 Table provides the observed 
frequencies per behavioural sign.

The three cases

Using the results from the interpretation of three cases describing dog behavioural changes, we assessed to which extend 
pain would be attributed as a motivation to the behavioural changes, in comparison to the other possible motivations by 

Table 1.  Possible pain sign recognition by dog owners and non-dog owners. Mann-Whitney U tests 
indicated a trend for two behavioural signs and a significant difference for one sign when compar-
ing pain likeliness scores between 530 dog owners and 117 non-dog owners (P < 0.05).

Dog owners (N = 530) Non-dog owners (N = 117)

Turning head or body away
(z = −3.51, P < 0.001)

  Not (very) likely 21% (N = 111) 7% (N = 8)

  Neutral 27% (N = 145) 20% (N = 31

  (Very) likely 52% (N = 274) 67% (N = 78)

Freezing
(z = −2.68, P = 0.007)

  Not (very) likely 23% (N = 124) 18% (N = 21)

  Neutral 34% (N = 178) 24% (N = 28)

  (Very) likely 43% (N = 228) 58% (N = 68)

Licking surfaces
(z = −2.68, P = 0.007)

  Not (very) likely 25% (N = 134) 38% (N = 45)

  Neutral 27% (N = 141) 24% (N = 28)

  (Very) likely 48% (N = 255) 38% (N = 44)

https://doi.org/10.1371/journal.pone.0344512.t001

https://doi.org/10.1371/journal.pone.0344512.t001
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calculating means ± S.D. We first assessed this for all participants, so for both dog owners and non-dog owners together. 
We found that for the first case of a dog with subtle pain signs such as shadowing family members, the motivation of pain 
was scored at lower mean likeliness scores (2.4 ± 1.3, 0–4) than the second case with overt, movement ability-related pain 
signs (3.7 ± 0.7, 0–4), but not the third ‘non-pain’ case (0.7 ± 1.0, 0–4). S8 Table presents all means ± S.D.

For each case, we next asked which of five possible reasons made participants opt for the motivation that they rated at the 
highest likeliness, as mentioned above. This allowed us to assess the reasons that did (‘1’) or did not (‘0’) make them opt for a 
pain motivation, for all three cases and additionally for learning processes for the third case (S9 Table presents all data, also for 
the third, non-pain related case). For the first case of a dog with subtle pain signs, the two high percentages were for ‘restless-
ness at night’ (67%, N = 234 of 347 pain assigned motivation) and ‘shortening the park walk’ (65%, N = 227 of 347 pain assigned 
motivation). The ‘restlessness at night’ did not differ significantly for reason attribution between pain or not (67%, N = 234 of 347 
pain assigned motivation versus 65%, N = 196 of 300 non-pain assigned motivation, P = 0.6). ‘Shortening the park walk’ did differ 
significantly (65%, N = 227 of 347 pain assigned motivation versus 29%, N = 87 of 300 non-pain assigned motivation; z = −9.13, 
P < 0.001). Low percentages were for ‘shadowing adult family members’ (32%, N = 110 of 347 pain assigned motivation) and 
‘increased attachment behaviour’ (35%, N = 120 of 347 pain assigned motivation), with both differing significantly for reason 
attribution between pain or not (for shadowing adult family members: 32%, N = 110 of 347 pain assigned motivation versus 56%, 
N = 167 of 300 non-pain assigned motivation; z = −6.14, P < 0.001); for increased attachment behaviour: 35%, N = 120 of 347 
pain assigned motivation versus 45%, N = 136 of 300 non-pain assigned motivation; z = −5.13, P < 0.001).

For the second case of a dog with overt pain signs related to movement ability, the highest two percentages of pain-
indicating participants, were for the reasons of ‘keeping the left hind leg raised’ (90%, N = 555 of 620 pain assigned motivation 
versus 26%, N = 7 of 27 of non-pain assigned motivation; z = −2.50, P = 0.01) and ‘hopping’ (74%, N = 461 of 620 pain assigned 
motivation versus 37%, N = 10 of 27 of non-pain assigned motivation; z = −4.26, P < 0.001); with no percentages under 50%.

The three cases – dog ownership

Next, we assessed with Mann-Whitney U tests how dog owners and non-dog owners might differ in recognising 
pain as a motivation for the cases. We found no differences between these for the first case of a dog with subtle 

Table 2.  Recognition of a dog’s possible behavioural pain signs in participants with and without a 
previous painful experience. Mann-Whitney U tests indicate differences per possible behavioural 
pain sign between 647 participants of which 363 indicated to have previously suffered a painful 
accident, illness and/or treatment and 261 indicated to have not previously suffered such an event 
(N = 23 missing values; P < 0.003 regarded as significant and P < 0.05 regarded as a trend).

Previous painful experience 
(N = 363)

No such previous 
experience (N = 261)

Changed personality (z = −2.22, P = 0.027)

  Not (very) likely 1% (N = 3) 2% (N = 4)

  Neutral 7% (N = 27) 12% (N = 32)

  (Very) likely 92% (N = 333) 86% (N = 225)

Increased blinking (z = −2.24, P = 0.025)

  Not (very) likely 19% (N = 69) 23% (N = 60)

  Neutral 25% (N = 92) 31% (N = 81)

  (Very) likely 56% (N = 202) 46% (N = 120)

Yawning (z = −2.05, P = 0.040)

  Not (very) likely 35% (N = 129) 41% (N = 107)

  Neutral 28% (N = 101) 31% (N = 81)

  (Very) likely 37% (N = 133) 28% (N = 73)

https://doi.org/10.1371/journal.pone.0344512.t002

https://doi.org/10.1371/journal.pone.0344512.t002
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pain signs (pain [very] likely: 53%, N = 283 of 530 for dog owners versus 55%, N = 64 of 117 for non-dog owners; 
P = 0.618) and the third non-pain case (correctly identifying pain as not [very] likely in 91%, N = 484 of 530 for dog 
owners versus 92%, N = 108 of 117 for non-dog owners; P = 0.061). For the second case of a dog with overt pain 
signs related to movement ability, dog owners rated pain to be a (very) likely motivation more so than non-dog own-
ers (97%, N = 513 of 530 for dog owners versus 92%, N = 107 of 117 for non-dog owners; z = −2.57, P = 0.010), see 
Table 4.

Table 3.  Recognition of a dog’s possible behavioural pain signs in dog owners with and without 
a dog that previously suffered a painful experience. Mann-Whitney U tests indicate differences 
per possible behavioural pain sign between 530 dog owning participants of which 240 indicated 
experience with a dog that previously suffered a painful accident, illness and/or treatment and 290 
indicated to lack such experience (P < 0.003 as significant, P < 0.05 as a trend).

Dog with previous painful 
experience (N = 240)

Dog without such previ-
ous experience (N = 290)

Change in personality (z = −1.99, P = 0.046)

  Not (very) likely 1% (N = 2) 2% (N = 6)

  Neutral 7% (N = 16) 11% (N = 31)

  (Very) likely 93% (N = 222) 87% (N = 253)

Changed look (z = −3.46, P < 0.001)

  Not (very) likely 9% (N = 22) 12% (N = 35)

  Neutral 23% (N = 56) 36% (N = 105)

  (Very) likely 68% (N = 162) 52% (N = 150)

Coat changes (z = −2.13, P = 0.033)

  Not (very) likely 5% (N = 13) 8% (N = 24)

  Neutral 19% (N = 45) 24% (N = 70)

  (Very) likely 76% (N = 182) 68% (N = 196)

Increased blinking (z = −2.14, P = 0.033)

  Not (very) likely 21% (N = 49) 23% (N = 66)

  Neutral 21% (N = 51) 30% (N = 87)

  (Very) likely 58% (N = 140) 47% (N = 137)

Increased grooming (z = −2.42, P = 0.015)

  Not (very) likely 11% (N = 25) 13% (N = 39)

  Neutral 23% (N = 56) 31% (N = 90)

  (Very) likely 66% (N = 159) 56% (N = 161)

Increased scratching (z = −2.11, P = 0.035)

  Not (very) likely 5% (N = 13) 6% (N = 18)

  Neutral 15% (N = 35) 22% (N = 64)

  (Very) likely 80% (N = 192) 72% (N = 208)

Reduced play (z = −4.04, P < 0.001)

  Not (very) likely 1% (N = 3) 4% (N = 13)

  Neutral 8% (N = 19) 18% (N = 51)

  (Very) likely 91% (N = 218) 78% (N = 226)

Surface licking (z = −2.97, P = 0.003)

  Not (very) likely 20% (N = 48) 30% (N = 86)

  Neutral 25% (N = 61) 27% (N = 80)

  (Very) likely 55% (N = 131) 43% (N = 124)

https://doi.org/10.1371/journal.pone.0344512.t003

https://doi.org/10.1371/journal.pone.0344512.t003
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The three cases – participants’ painful experiences or dogs’ painful experiences

When assessing differences in possible pain recognition for the three cases between a) participants with a personal pain-
ful experience and those without and b) dog owners with experience with a dog’s painful experience and those without, 
significant differences were found between the groups with and without the experiences for the first case of a dog with 
subtle pain signs, as following.

Regarding participants’ own painful experiences, participants with a personal painful experience had higher frequen-
cies of scoring pain as (very) likely than those without such experience, for the first case of a dog with subtle pain signs 
(60%, N = 216 of 363 versus 46%, N = 119 of 261; P < 0.001; N = 23 missing values). We found no significant differences for 
the second case of a dog with less subtle pain signs (97%, N = 352 of 363 for participants with a previous painful experi-
ence versus 95%, N = 248 of 261 for participants without such experience; P = 0.2; N = 23 missing values). Nor did we find 
significant differences for the third non-pain case (correctly identifying pain as not [very] likely in 80%, N = 290 of 363, for 
participants with a previous painful experience versus 80%, N = 210 of 261 for participants with a previous painful experi-
ence; P = 0.8; N = 23 missing values). See Table 5.

For dog-owning participants, those who had a dog experiencing a painful event previously, scored pain as (very) likely 
at significantly higher percentages for the first case of a dog with subtle pain signs, than those lacking such experience 
(62%, N = 149 of 240 versus 46%, N = 134 of 290; z = −3.53, P < 0.001). For the second case these percentages were 98% 
(N = 236 of 240) versus 96% (N = 277 of 290; P = 0.07). Interestingly, the participants with a previously painful dog also 
scored higher, but still low, percentages of indicating pain as (very) likely in the third, non-pain related case than those 
without (12%, N = 28 of 240 versus 6%, N = 18 of 290; z = −1.43, P = 0.2). See Table 6.

Discussion

The welfare of dogs in their role as companion animal is highly dependent on their caregivers. During their life span, 
companion dogs represent an important social partner to their owners and they may even take on the role of a family 
member [39,40]. Despite a possible close relationship, dog owners may find themselves challenged when assessing dog 

Table 4.  Case pain likeliness scores for a case of a dog displaying subtle pain signs, overt pain 
signs, and no pain signs, comparing dog owners and non-dog owners. Mann-Whitney U tests indi-
cated differences or lack thereof for 530 dog owners and 117 non-dog owners (P < 0.05).

Dog owners (N = 530) Non-dog owners (N = 117)

Case 1 – subtle pain signs
(z = −0.50, P = 0.618)

  Not (very) likely 29% (N = 151) 25% (N = 29)

  Neutral 18% (N = 96) 20% (N = 24)

  (Very) likely 53% (N = 283) 55% (N = 64)

Case 2 – overt pain signs
(z = −2.57, P = 0.010)

  Not (very) likely 2% (N = 12) 3% (N = 4)

  Neutral 1% (N = 5) 5% (N = 6)

  (Very) likely 97% (N = 513) 92% (N = 107)

Case 3 – no pain
(z = −1.87, P = 0.061)

  Not (very) likely 79% (N = 149) 87% (N = 102)

  Neutral 12% (N = 65) 5% (N = 6)

  (Very) likely 9% (N = 46) 8% (N = 9)

https://doi.org/10.1371/journal.pone.0344512.t004

https://doi.org/10.1371/journal.pone.0344512.t004
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welfare [41]. Such challenges may include a difficulty to assess a dog’s possible pain experience. Protection from pain 
is integrated in the animal welfare policies of several countries, for animals under human care [42]. To protect an animal 
from pain, correct pain assessment is a necessity. Pain assessment may be challenged by interspecies differences in 
pain expression [43] and the possible dog behavioural adaptation to the presence of humans [30,44]. Thus, studying how 

Table 5.  Case pain likeliness scores for a case of a dog displaying subtle pain signs, overt pain 
signs, and no pain signs, comparing participants with and without a previous painful experience. 
Mann-Whitney U tests indicated differences or lack thereof for 363 participants with a previous 
painful experience and 261 without such experience (P < 0.05).

Previous painful experience 
(N = 363)

No such previous 
experience (N = 261)

Case 1 – subtle pain signs
(z = −3.75, P < 0.001)

  Not (very) likely 22% (N = 81) 35% (N = 91)

  Neutral 18% (N = 66) 19% (N = 51)

  (Very) likely 60% (N = 216) 46% (N = 119)

Case 2 – overt pain signs
(z = −1.26, P = 0.209)

  Not (very) likely 2% (N = 6) 3% (N = 8)

  Neutral 1% (N = 5) 2% (N = 5)

  (Very) likely 97% (N = 352) 95% (N = 248)

Case 3 – no pain
(z = −0.25, P = 0.805)

  Not (very) likely 80% (N = 290) 80% (N = 210)

  Neutral 11% (N = 40) 12% (N = 31)

  (Very) likely 9% (N = 33) 8% (N = 20)

https://doi.org/10.1371/journal.pone.0344512.t005

Table 6.  Case pain likeliness scores for a case of a dog displaying subtle pain signs, overt pain 
signs, and no pain signs, comparing dog owners with and without a dog that previously suffered a 
painful experience. Mann-Whitney U tests indicated differences or lack thereof for 530 dog owners 
(P < 0.05).

Dog with previous painful experi-
ence (N = 240)

Dog without such previ-
ous experience (N = 290)

Case 1 – subtle pain signs
(z = −3.53, P < 0.001)

  Not (very) likely 23% (N = 55) 33% (N = 96)

  Neutral 15% (N = 36) 21% (N = 60)

  (Very) likely 62% (N = 149) 46% (N = 134)

Case 2 – overt pain signs
(z = −1.83, P = 0.068)

  Not (very) likely 1% (N = 3) 3% (N = 9)

  Neutral 0.4% (N = 1) 1% (N = 4)

  (Very) likely 98% (N = 236) 96% (N = 277)

Case 3 – no pain
(z = −1.43, P = 0.151)

  Not (very) likely 77% (N = 184) 81% (N = 235)

  Neutral 12% (N = 28) 13% (N = 37)

  (Very) likely 12% (N = 28) 6% (N = 18)

https://doi.org/10.1371/journal.pone.0344512.t006

https://doi.org/10.1371/journal.pone.0344512.t005
https://doi.org/10.1371/journal.pone.0344512.t006
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humans recognise dog pain is relevant. We studied this recognition in dog owners and non-dog owners and assessed 
how they rated the likeliness of pain for seventeen behavioural signs and in three cases of changed dog behaviour. We 
found confirmation of our first hypothesis that dog owners do not recognise subtle dog pain signs more so than non-dog 
owners. However, we stress that our sample of dog owners and non-dog owners differed in demographic characteristics, 
such as age, as discussed below when we provide detail on the limitations of this study. Also, our non-dog owning sample 
consisted of people presently not owning a dog. Consequently, previous experience with dogs could have affected our 
non-dog owning sample. Taking into account these limitations of our study and the particularities of our sample, we found 
that dog owners achieved better results for identifying a dog case presenting overt dog pain signs relating to movement 
ability. Yet, both dog owners and non-dog owners rated pain likeliness high for this case, thus limiting potential benefits for 
dog welfare. A previous study also found movement-based pain signs to be recognisable to dog owners [45]. The difficulty 
in recognising the subtle pain signs that our results point at, could possibly stem from misinterpretation of more common 
dog behavioural signs. Previous research found dog pain signs easily misinterpreted as day-to-day behavioural changes 
[31]. Generally, people may struggle to interpret a dog’s behaviour accurately and objectively, as supported by their focus 
on tail movements, which are not known to inform specifically on a dog’s possible pain experience [22]. Additionally, a 
found tendency to provide more holistic interpretations of a dog’s wants or feelings [22], could also explain a hampered 
interpretation of subtle pain signs.

Regarding specific behavioural signs, dog owners less so indicated a likeliness of pain for two, but not all, signs, that 
are also or alternatively known as stress/fear signs, such as lip/nose licking or yawning [46–48]. Behaviours of the dog’s 
turning head or body away and freezing were indicated as less likely a sign of pain in dog owners than non-dog owners. 
No significant difference was found for hesitant paw lifting, lip/nose licking and yawning. Possibly, dog owners are gener-
ally more aware of certain stress/fear signs than of pain signs, thus assigning other causes than pain to possible subtle 
pain behaviours. Significantly higher correct identification of fearful dogs by more dog experienced people may further 
underpin this line of reasoning [49]. Alternatively, dog owners may find less common behavioural signs more likely a possi-
ble indication of pain, such as surface licking. In dogs the licking of surfaces is less seen than turning head/body away or 
freezing. (Excessive) surface licking, outside of, e.g., licking an empty food bowl, was indicated in a study on gastrointes-
tinal disease to be a poorly documented pain sign, yet without a known prevalence [50,51]. It was classified as ‘abnormal’ 
indicating a lesser commonality [50,51].

We saw our second hypothesis partially confirmed. Participants with a personal painful experience recognised subtle 
dog pain signs more so than those without such experience, but only at significant levels for the behaviours of a dog’s 
changed personality, increased blinking and yawning. Changed personality stood out for its relatively high levels of recog-
nition. While reduced playfulness is a commonly recognised sign of pain experience in dogs [52], changes in personality 
and fluctuating mood are more typical human reactions to pain [53]. We did not assess for the seventeen possible pain 
signs, why people attributed pain as more or less likely, so we cannot determine reasons for the selection of particu-
larly these behaviours being perceived as more likely dog pain related. It would be interesting to assess such reasons, 
as for instance to determine if empathy [54], or general pain attitude and knowledge [55,56], factor into dog pain sign 
recognition.

Our third hypothesis was underpinned by the results. Owners of dogs that suffered a previous painful event showed 
higher recognition of subtle pain signs and of pain as the cause of behavioural change, as compared to owners of dogs 
without such experience. This may indicate a general higher awareness of behavioural changes potentially being moti-
vated by a dog’s pain. Possibly even small educational efforts may have benefitted these dogs and their owners. For 
example, an educational intervention targeting several pain signs, using an adapted veterinary dog pain instrument, 
increased dog owners’ ability to interpret dog behaviours possibly indicative of pain [57]. If even small educational inter-
vention effort can increase the likeliness of timely recognition of a dog’s pain signs, dogs and their owners can benefit of 
such intervention efforts.
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Our study has several limitations. We asked participants only to rate the likeliness of pain, not of other forms 
of discomfort. As indicated in the Methods section, we deemed this necessary to define an easily understandable 
study purpose and limit questionnaire length. Asking participants to rate likeliness of pain and discomfort could 
have led to lower response rates, particularly from lesser topic-engaged participants as it would come with double 
the effort of partaking. Yet, we thus deviated from the approach taken by Mills et al. [29], who opted to use the term 
‘discomfort’ to refer to pain and/or paraesthesia and/or dysesthesia. It is important to note that not every form of 
discomfort can be attributed to pain. Other, non-pain related, psychological and physical factors can potentially lead 
to the experience of discomfort [58]. However, combined measurement of pain and discomfort, is found in studies 
[59,60], referring to the description of pain being the main cause for discomfort [61]. By using only the term ‘pain’ 
in our questionnaire, we aimed to ensure that participants evaluated the examples given in terms of their possible 
association with pain, as defined by the International Association of the Study of Pain (IASP), describing pain as an 
‘unpleasant sensory and emotional experience, resembling or associated with, an actual or potential tissue damage’ 
[62]. Future studies should look into the concept of discomfort, other than pain experience, and include a larger 
participant-base of non-dog owners. The larger participant-base of non-dog owners is needed as another limitation 
of our study is a skewed data set, that includes more dog owners than non-dog owners and is characterised by an 
uneven age and gender distribution.

Approximately half of our dog owning participants were aged between fifty and sixty-five years old, about half our non-
dog owners were between eighteen and thirty-five years old and in our study 88% of participants identified as female. A 
more even age distribution, and a more evenly spread gender distribution are recommended for future research. Gender 
disparities in terms of a disproportionately high number of female participants are common in the study of human-animal 
interactions [63]. Previous research suggests females to be more sensitive to affective information than male observers 
[64] and thus uneven gender distribution can affect study outcomes. Our convenience-based study does not allow for 
assessment of the presence or absence of a (confounding or modifying) relationship between dog ownership, participants’ 
own painful experiences and the ability to recognise behavioural pain signs in dogs. We suggest future studies to look into 
such possible confounding or modifying relationships as well as any possible relationships between human characteristics 
such as age, gender, animal husbandry experience and dog school attendance for dog owners and recognition of possible 
dog pain signs, particularly subtle pain signs as a next step towards insights that may ultimately benefit education on pain 
sign recognition.

We did not offer free text fields, as output from free text fields is varied and requires categorizing the output, making 
assumptions and risking categorization errors. As our aim was to study differences between sub samples, for specifically 
rating pain likeliness for seventeen previously indicated possible behavioural pain signs [29] and three cases describing 
less subtle, movement-related signs or subtle possible pain signs, we felt that categorization errors should be avoided to 
reach this aim. As a consequence, the study will likely have directed and structured thoughts of participants, losing the 
chance to freely capture thoughts on offered pain signs recognition opportunities, such as to arise when reading the three 
cases.

A final limitation of our study was the use of three dog behavioural cases that were not previously used in studies, but 
designed by us as vignettes for the specific purpose of our study. The cases were pretested and we opted for a Shepherd 
dog and a Chihuahua based on the causes of pain frequenting these breeds. We opted to not use similar dog breed types 
for the cases to prevent confusion or boredom in our participants. Yet, people are known to rate a dog’s pain sensitivity 
differently depending on breed type [65] and this may have affected participants judgements of pain signs. We did not 
deem photographic support for the cases to be a strict necessity and thus did not include any photos, to prevent possible 
bias based on emotions elicited, or memories triggered by dog images. Yet, we recommend future studies to assess if 
case presentation affects possible judgement of behavioural signs and have made the case descriptions available in the 
supporting information of our article for this purpose.
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Notwithstanding these limitations, our study points out that subtle pain signs in dogs may be difficult for people to rec-
ognise. Possibly, dog owners learned previously that these signs are underpinned by different motivations (also), hamper-
ing their identification as pain sign. This may affect dog health and welfare, if a dog is in pain and veterinary intervention 
is delayed to a point when pains signs are shown more overtly and therefore recognisably. As a consequence, it appears 
necessary to determine and potentially improve dog owners’ abilities to recognise early signs of pain in their dogs, in order 
to prevent undetected suffering [66]. We suggest that dog owner education also addresses dog pain recognition, with a 
particular focus on subtle pain signs. In doing so, dog owners may be provided with early warning signs of pain and such 
early recognition may benefit dog welfare and prevent behavioural problems, including unwanted aggression.

Supporting information

S1 File. Three cases of dogs and their behavioural changes, presented to participants. 
(DOCX)

S2 Table. The reported previous experience with a painful accident, illness and/ or treatment in N = 647 partici-
pants (N = 530 dog owners, N = 117 non-dog owners). 
(DOCX)

S3 Table. The reported previous experience with their dog suffering a painful accident, illness and/ or treatment 
in N = 530 dog owners. 
(DOCX)

S4 Table. The mean likeliness of a dog behavioural sign indicating pain as reported by N = 647 participants 
(N = 530 dog owners, N = 117 non-dog owners), with ‘0’ indicating very unlikely and ‘4’ indicating very likely. 
(DOCX)

S5 Table. The likeliness percentages (N) of a dog behavioural sign indicating pain in three categories (not [very] 
likely, neutral, [very] likely scores) as reported by N = 647 participants and comparing dog owners (N = 530) to non-
dog owners (N = 117) with Mann-Whitney U tests. 
(DOCX)

S6 Table. The likeliness percentages (N) of a dog behavioural sign indicating pain in three categories (not [very] 
likely, neutral, [very] likely scores) as reported by N = 644 participants and comparing N = 363 participants indi-
cating to have experienced a painful event themselves with N = 261 indicating not to have experienced this; with 
Mann-Whitney U tests. 
(DOCX)

S7 Table. The likeliness percentages (N) of a dog behavioural sign indicating pain in three categories (not [very] 
likely, neutral, [very] likely scores) as reported by N = 530 dog owning participants and comparing N = 240 partici-
pants indicating to have a dog that previously experienced a painful event with N = 290 indicating their dog not to 
have experienced this; with Mann-Whitney U tests. 
(DOCX)

S8 Table. The reported mean likeliness of a dog’s motivation for the described behaviour in three cases and the rea-
sons for a participant selecting the motivation with the highest likeliness in N = 647 participants (N = 530 dog owners, 
N = 117 non-dog owners; with ‘0’ indicating very unlikely and ‘4’ indicating very likely for the motivations and ‘0’ indi-
cating not a reason and ‘1’ indicating a reason for the reasons for selecting a motivation at the highest likeliness). 
(DOCX)

http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0344512.s001
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0344512.s002
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0344512.s003
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0344512.s004
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0344512.s005
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0344512.s006
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0344512.s007
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0344512.s008


PLOS One | https://doi.org/10.1371/journal.pone.0344512  April 1, 2026 14 / 16

S9 Table. The reasons provided for attributing pain or learning processes as a motivation for described dog 
behaviour in three cases. 
(DOCX)

Author contributions

Conceptualization: Silvia M. A. Gardeweg, Dionne E. Picard, Ineke R. van Herwijnen.

Data curation: Dionne E. Picard, Ineke R. van Herwijnen.

Methodology: Silvia M. A. Gardeweg, Dionne E. Picard, Ineke R. van Herwijnen.

Software: Dionne E. Picard.

Writing – original draft: Silvia M. A. Gardeweg, Dionne E. Picard, Ineke R. van Herwijnen.

Writing – review & editing: Ineke R. van Herwijnen.

References
	 1.	 Larkin M, Radich R. Pet population still on the rise, with fewer pets per household. JAVMA. 2021. https://www.avma.org/javma-news/2021-12-01/

pet-population-still-rise-fewer-pets-household

	 2.	 FEDIAF. Facts and Figures 2022. https://europeanpetfood.org/_/news/new-fediaf-facts-figures-highlights-the-growth-of-european-pet-ownership/

	 3.	 Ellis A, Stanton SCE, Hawkins RD, Loughnan S. The Link between the Nature of the Human-Companion Animal Relationship and Well-Being 
Outcomes in Companion Animal Owners. Animals (Basel). 2024;14(3):441. https://doi.org/10.3390/ani14030441 PMID: 38338084

	 4.	 Kramer CK, Mehmood S, Suen RS. Dog Ownership and Survival: A Systematic Review and Meta-Analysis. Circ Cardiovasc Qual Outcomes. 
2019;12(10):e005554. https://doi.org/10.1161/CIRCOUTCOMES.119.005554 PMID: 31592726

	 5.	 Scoresby KJ, Strand EB, Ng Z, Brown KC, Stilz CR, Strobel K, et al. Pet Ownership and Quality of Life: A Systematic Review of the Literature. Vet 
Sci. 2021;8(12):332. https://doi.org/10.3390/vetsci8120332 PMID: 34941859

	 6.	 Cutt H, Giles-Corti B, Knuiman M, Burke V. Dog ownership, health and physical activity: a critical review of the literature. Health Place. 
2007;13(1):261–72. https://doi.org/10.1016/j.healthplace.2006.01.003 PMID: 16503185

	 7.	 Shiloh S, Sorek† G, Terkel J. REDUCTION OF STATE-ANXIETY BY PETTING ANIMALS IN A CONTROLLED LABORATORY EXPERIMENT. 
Anxiety, Stress & Coping. 2003;16(4):387–95. https://doi.org/10.1080/1061580031000091582

	 8.	 Beetz A, Uvnäs-Moberg K, Julius H, Kotrschal K. Psychosocial and psychophysiological effects of human-animal interactions: the possible role of 
oxytocin. Front Psychol. 2012;3:234. https://doi.org/10.3389/fpsyg.2012.00234 PMID: 22866043

	 9.	 Buckland E, Corr S, Abeyesinghe S, Wathes C. Prioritisation of companion dog welfare issues using expert consensus. Anim welf. 2014;23(1):39–
46. https://doi.org/10.7120/09627286.23.1.039

	10.	 Quain A, Ward MP, Mullan S. Ethical Challenges Posed by Advanced Veterinary Care in Companion Animal Veterinary Practice. Animals (Basel). 
2021;11(11):3010. https://doi.org/10.3390/ani11113010 PMID: 34827742

	11.	 Serpell J. How happy is your pet? The problem of subjectivity in the assessment of companion animal welfare. Anim welf. 2019;28(1):57–66. 
https://doi.org/10.7120/09627286.28.1.057

	12.	 Kaye AE, Belz JM, Kirschner RE. Pediatric dog bite injuries: a 5-year review of the experience at the Children’s Hospital of Philadelphia. Plast 
Reconstr Surg. 2009;124(2):551–8. https://doi.org/10.1097/PRS.0b013e3181addad9 PMID: 19644273

	13.	 Tuckel PS, Milczarski W. The changing epidemiology of dog bite injuries in the United States, 2005-2018. Inj Epidemiol. 2020;7(1):57. https://doi.
org/10.1186/s40621-020-00281-y PMID: 33129353

	14.	 Quirk JT. Non-fatal dog bite injuries in the U.S.A., 2005-2009. Public Health. 2012;126(4):300–2. https://doi.org/10.1016/j.puhe.2012.01.010 PMID: 
22377749

	15.	 Amat M, Manteca X, Mariotti VM, Ruiz de la Torre JL, Fatjó J. Aggressive behavior in the English cocker spaniel. Journal of Veterinary Behavior. 
2009;4(3):111–7. https://doi.org/10.1016/j.jveb.2008.08.010

	16.	 Camps T, Amat M, Mariotti VM, Le Brech S, Manteca X. Pain-related aggression in dogs: 12 clinical cases. Journal of Veterinary Behavior. 
2012;7(2):99–102. https://doi.org/10.1016/j.jveb.2011.08.002

	17.	 Barcelos A-M, Mills DS, Zulch H. Clinical indicators of occult musculoskeletal pain in aggressive dogs. Vet Rec. 2015;176(18):465. https://doi.
org/10.1136/vr.102823 PMID: 25834075

	18.	 Amat M, Le Brech S, Manteca X. The Relationship Between Aggression and Physical Disease in Dogs. Vet Clin North Am Small Anim Pract. 
2024;54(1):43–53. https://doi.org/10.1016/j.cvsm.2023.08.008 PMID: 37714772

http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0344512.s009
https://www.avma.org/javma-news/2021-12-01/pet-population-still-rise-fewer-pets-household
https://www.avma.org/javma-news/2021-12-01/pet-population-still-rise-fewer-pets-household
https://europeanpetfood.org/_/news/new-fediaf-facts-figures-highlights-the-growth-of-european-pet-ownership/
https://doi.org/10.3390/ani14030441
http://www.ncbi.nlm.nih.gov/pubmed/38338084
https://doi.org/10.1161/CIRCOUTCOMES.119.005554
http://www.ncbi.nlm.nih.gov/pubmed/31592726
https://doi.org/10.3390/vetsci8120332
http://www.ncbi.nlm.nih.gov/pubmed/34941859
https://doi.org/10.1016/j.healthplace.2006.01.003
http://www.ncbi.nlm.nih.gov/pubmed/16503185
https://doi.org/10.1080/1061580031000091582
https://doi.org/10.3389/fpsyg.2012.00234
http://www.ncbi.nlm.nih.gov/pubmed/22866043
https://doi.org/10.7120/09627286.23.1.039
https://doi.org/10.3390/ani11113010
http://www.ncbi.nlm.nih.gov/pubmed/34827742
https://doi.org/10.7120/09627286.28.1.057
https://doi.org/10.1097/PRS.0b013e3181addad9
http://www.ncbi.nlm.nih.gov/pubmed/19644273
https://doi.org/10.1186/s40621-020-00281-y
https://doi.org/10.1186/s40621-020-00281-y
http://www.ncbi.nlm.nih.gov/pubmed/33129353
https://doi.org/10.1016/j.puhe.2012.01.010
http://www.ncbi.nlm.nih.gov/pubmed/22377749
https://doi.org/10.1016/j.jveb.2008.08.010
https://doi.org/10.1016/j.jveb.2011.08.002
https://doi.org/10.1136/vr.102823
https://doi.org/10.1136/vr.102823
http://www.ncbi.nlm.nih.gov/pubmed/25834075
https://doi.org/10.1016/j.cvsm.2023.08.008
http://www.ncbi.nlm.nih.gov/pubmed/37714772


PLOS One | https://doi.org/10.1371/journal.pone.0344512  April 1, 2026 15 / 16

	19.	 Meints K, Brelsford V, De Keuster T. Teaching Children and Parents to Understand Dog Signaling. Front Vet Sci. 2018;5:257. https://doi.
org/10.3389/fvets.2018.00257 PMID: 30525045

	20.	 Oxley JA, Meyer G, Cant I, Bellantuono GM, Butcher M, Levers A, et al. A pilot study investigating human behaviour towards DAVE (Dog 
Assisted Virtual Environment) and interpretation of non-reactive and aggressive behaviours during a virtual reality exploration task. PLoS One. 
2022;17(9):e0274329. https://doi.org/10.1371/journal.pone.0274329 PMID: 36170291

	21.	 Oxley JA, Christley R, Westgarth C. Contexts and consequences of dog bite incidents. Journal of Veterinary Behavior. 2018;23:33–9. https://doi.
org/10.1016/j.jveb.2017.10.005

	22.	 Tami G, Gallagher A. Description of the behaviour of domestic dog (Canis familiaris) by experienced and inexperienced people. Applied Animal 
Behaviour Science. 2009;120(3–4):159–69. https://doi.org/10.1016/j.applanim.2009.06.009

	23.	 Amici F, Waterman J, Kellermann CM, Karimullah K, Bräuer J. The ability to recognize dog emotions depends on the cultural milieu in which we 
grow up. Sci Rep. 2019;9(1):16414. https://doi.org/10.1038/s41598-019-52938-4 PMID: 31712680

	24.	 Törnqvist H, Höller H, Vsetecka K, Hoehl S, Kujala MV. Matters of development and experience: Evaluation of dog and human emotional expres-
sions by children and adults. PLoS One. 2023;18(7):e0288137. https://doi.org/10.1371/journal.pone.0288137 PMID: 37494304

	25.	 Guo K, Correia-Caeiro C, Mills DS. Category-dependent contribution of dog facial and bodily cues in human perception of dog emotions. Applied 
Animal Behaviour Science. 2024;280:106427. https://doi.org/10.1016/j.applanim.2024.106427

	26.	 Mills DS, Demontigny-Bédard I, Gruen M, Klinck MP, McPeake KJ, Barcelos AM, et al. Pain and Problem Behavior in Cats and Dogs. Animals 
(Basel). 2020;10(2):318. https://doi.org/10.3390/ani10020318 PMID: 32085528

	27.	 Belshaw Z, Yeates J. Assessment of quality of life and chronic pain in dogs. Vet J. 2018;239:59–64. https://doi.org/10.1016/j.tvjl.2018.07.010 PMID: 
30197111

	28.	 Pickersgill O, Mills DS, Guo K. Owners’ Beliefs regarding the Emotional Capabilities of Their Dogs and Cats. Animals (Basel). 2023;13(5):820. 
https://doi.org/10.3390/ani13050820 PMID: 36899676

	29.	 Mills DS, Coutts FM, McPeake KJ. Behavior Problems Associated with Pain and Paresthesia. Vet Clin North Am Small Anim Pract. 2024;54(1):55–
69. https://doi.org/10.1016/j.cvsm.2023.08.007 PMID: 37743157

	30.	 Reid J, Nolan AM, Scott EM. Measuring pain in dogs and cats using structured behavioural observation. Vet J. 2018;236:72–9. https://doi.
org/10.1016/j.tvjl.2018.04.013 PMID: 29871754

	31.	 Davis KN, Hellyer PW, Carr ECJ, Wallace JE, Kogan LR. Qualitative study of owner perceptions of chronic pain in their dogs. J Am Vet Med Assoc. 
2019;254(1):88–92. https://doi.org/10.2460/javma.254.1.88 PMID: 30668288

	32.	 Belshaw Z, Dean R, Asher L. Could it be osteoarthritis? How dog owners and veterinary surgeons describe identifying canine osteoarthritis in a 
general practice setting. Prev Vet Med. 2020;185:105198. https://doi.org/10.1016/j.prevetmed.2020.105198 PMID: 33227581

	33.	 Morton CM, Reid J, Scott EM, Holton LL, Nolan AM. Application of a scaling model to establish and validate an interval level pain scale for assess-
ment of acute pain in dogs. Am J Vet Res. 2005;66(12):2154–66. https://doi.org/10.2460/ajvr.2005.66.2154 PMID: 16379662

	34.	 Demko J, McLaughlin R. Developmental orthopedic disease. Vet Clin North Am Small Anim Pract. 2005;35(5):1111–35, v. https://doi.org/10.1016/j.
cvsm.2005.05.002 PMID: 16129135

	35.	 Di Dona F, Della Valle G, Fatone G. Patellar luxation in dogs. Vet Med (Auckl). 2018;9:23–32. https://doi.org/10.2147/VMRR.S142545 PMID: 
30050864

	36.	 Normando S, Bertomoro F, Bonetti O. Satisfaction and satisfaction affecting problem behavior in different types of adopted dogs. J Vet Med Sci. 
2021;83(4):566–72. https://doi.org/10.1292/jvms.20-0394 PMID: 33627543

	37.	 McLennan T. Review of literature on interventions aimed at resolving problems caused by predatory behaviour in dogs (Canis familiaris). Applied 
Animal Behaviour Science. 2023;266:106037. https://doi.org/10.1016/j.applanim.2023.106037

	38.	 Curtin F, Schulz P. Multiple correlations and Bonferroni’s correction. Biol Psychiatry. 1998;44(8):775–7. https://doi.org/10.1016/s0006-
3223(98)00043-2 PMID: 9798082

	39.	 Blouin DD. Are Dogs Children, Companions, or Just Animals? Understanding Variations in People’s Orientations toward Animals. Anthrozoös. 
2013;26(2):279–94. https://doi.org/10.2752/175303713x13636846944402

	40.	 American Veterinary Medical Association (AVMA). 2022 AVMA pet ownership and demographic sourcebook. American Veterinary Medical Associa-
tion. 2022. https://ebusiness.avma.org/files/ProductDownloads/eco-pet-demographic-report-22-low-res.pdf

	41.	 Mariti C, Gazzano A, Moore JL, Baragli P, Chelli L, Sighieri C. Perception of dogs’ stress by their owners. Journal of Veterinary Behavior. 
2012;7(4):213–9. https://doi.org/10.1016/j.jveb.2011.09.004

	42.	 Philpotts I, Dillon J, Rooney N. Improving the Welfare of Companion Dogs-Is Owner Education the Solution?. Animals (Basel). 2019;9(9):662. 
https://doi.org/10.3390/ani9090662 PMID: 31500203

	43.	 Affenzeller N, McPeake KJ, McClement J, Zulch H. Human‐directed aggressive behaviour as the main presenting sign in dogs subsequently diag-
nosed with diskospondylitis. Vet Record Case Reports. 2017;5(4). https://doi.org/10.1136/vetreccr-2017-000501

	44.	 Albuquerque N, Guo K, Wilkinson A, Savalli C, Otta E, Mills D. Dogs recognize dog and human emotions. Biol Lett. 2016;12(1):20150883. https://
doi.org/10.1098/rsbl.2015.0883 PMID: 26763220

https://doi.org/10.3389/fvets.2018.00257
https://doi.org/10.3389/fvets.2018.00257
http://www.ncbi.nlm.nih.gov/pubmed/30525045
https://doi.org/10.1371/journal.pone.0274329
http://www.ncbi.nlm.nih.gov/pubmed/36170291
https://doi.org/10.1016/j.jveb.2017.10.005
https://doi.org/10.1016/j.jveb.2017.10.005
https://doi.org/10.1016/j.applanim.2009.06.009
https://doi.org/10.1038/s41598-019-52938-4
http://www.ncbi.nlm.nih.gov/pubmed/31712680
https://doi.org/10.1371/journal.pone.0288137
http://www.ncbi.nlm.nih.gov/pubmed/37494304
https://doi.org/10.1016/j.applanim.2024.106427
https://doi.org/10.3390/ani10020318
http://www.ncbi.nlm.nih.gov/pubmed/32085528
https://doi.org/10.1016/j.tvjl.2018.07.010
http://www.ncbi.nlm.nih.gov/pubmed/30197111
https://doi.org/10.3390/ani13050820
http://www.ncbi.nlm.nih.gov/pubmed/36899676
https://doi.org/10.1016/j.cvsm.2023.08.007
http://www.ncbi.nlm.nih.gov/pubmed/37743157
https://doi.org/10.1016/j.tvjl.2018.04.013
https://doi.org/10.1016/j.tvjl.2018.04.013
http://www.ncbi.nlm.nih.gov/pubmed/29871754
https://doi.org/10.2460/javma.254.1.88
http://www.ncbi.nlm.nih.gov/pubmed/30668288
https://doi.org/10.1016/j.prevetmed.2020.105198
http://www.ncbi.nlm.nih.gov/pubmed/33227581
https://doi.org/10.2460/ajvr.2005.66.2154
http://www.ncbi.nlm.nih.gov/pubmed/16379662
https://doi.org/10.1016/j.cvsm.2005.05.002
https://doi.org/10.1016/j.cvsm.2005.05.002
http://www.ncbi.nlm.nih.gov/pubmed/16129135
https://doi.org/10.2147/VMRR.S142545
http://www.ncbi.nlm.nih.gov/pubmed/30050864
https://doi.org/10.1292/jvms.20-0394
http://www.ncbi.nlm.nih.gov/pubmed/33627543
https://doi.org/10.1016/j.applanim.2023.106037
https://doi.org/10.1016/s0006-3223(98)00043-2
https://doi.org/10.1016/s0006-3223(98)00043-2
http://www.ncbi.nlm.nih.gov/pubmed/9798082
https://doi.org/10.2752/175303713x13636846944402
https://ebusiness.avma.org/files/ProductDownloads/eco-pet-demographic-report-22-low-res.pdf
https://doi.org/10.1016/j.jveb.2011.09.004
https://doi.org/10.3390/ani9090662
http://www.ncbi.nlm.nih.gov/pubmed/31500203
https://doi.org/10.1136/vetreccr-2017-000501
https://doi.org/10.1098/rsbl.2015.0883
https://doi.org/10.1098/rsbl.2015.0883
http://www.ncbi.nlm.nih.gov/pubmed/26763220


PLOS One | https://doi.org/10.1371/journal.pone.0344512  April 1, 2026 16 / 16

	45.	 Demirtas A, Atilgan D, Saral B, Isparta S, Ozturk H, Ozvardar T, et al. Dog owners’ recognition of pain-related behavioral changes in their dogs. 
Journal of Veterinary Behavior. 2023;62:39–46. https://doi.org/10.1016/j.jveb.2023.02.006

	46.	 Pritchett M, Barnard S, Croney C. Socialization in Commercial Breeding Kennels: The Use of Novel Stimuli to Measure Social and Non-Social Fear 
in Dogs. Animals (Basel). 2021;11(3):890. https://doi.org/10.3390/ani11030890 PMID: 33804748

	47.	 Stellato AC, Flint HE, Widowski TM, Serpell JA, Niel L. Assessment of fear-related behaviours displayed by companion dogs (Canis familiaris) in 
response to social and non-social stimuli. Applied Animal Behaviour Science. 2017;188:84–90. https://doi.org/10.1016/j.applanim.2016.12.007

	48.	 Tod E, Brander D, Waran N. Efficacy of dog appeasing pheromone in reducing stress and fear related behaviour in shelter dogs. Applied Animal 
Behaviour Science. 2005;93(3–4):295–308. https://doi.org/10.1016/j.applanim.2005.01.007

	49.	 Wan M, Bolger N, Champagne FA. Human perception of fear in dogs varies according to experience with dogs. PLoS One. 2012;7(12):e51775. 
https://doi.org/10.1371/journal.pone.0051775 PMID: 23284765

	50.	 Tynes V. Help! My dog licks everything. Vet Med. 2008;1(103):198–211.

	51.	 Bécuwe-Bonnet V, Bélanger M-C, Frank D, Parent J, Hélie P. Gastrointestinal disorders in dogs with excessive licking of surfaces. Journal of Veter-
inary Behavior. 2012;7(4):194–204. https://doi.org/10.1016/j.jveb.2011.07.003

	52.	 Malkani R, Paramasivam S, Wolfensohn S. How does chronic pain impact the lives of dogs: an investigation of factors that are associated with 
pain using the Animal Welfare Assessment Grid. Front Vet Sci. 2024;11:1374858. https://doi.org/10.3389/fvets.2024.1374858 PMID: 38638643

	53.	 Rost S, Van Ryckeghem DML, Koval P, Sütterlin S, Vögele C, Crombez G. Affective instability in patients with chronic pain: a diary approach. Pain. 
2016;157(8):1783–90. https://doi.org/10.1097/j.pain.0000000000000582 PMID: 27075427

	54.	 Betti V, Aglioti SM. Dynamic construction of the neural networks underpinning empathy for pain. Neurosci Biobehav Rev. 2016;63:191–206. https://
doi.org/10.1016/j.neubiorev.2016.02.009 PMID: 26877105

	55.	 Patiraki-Kourbani E, Tafas CA, McDonald DD, Papathanassoglou EDE, Katsaragakis S, Lemonidou C. Personal and professional pain experiences 
and pain management knowledge among Greek nurses. Int J Nurs Stud. 2004;41(4):345–54. https://doi.org/10.1016/j.ijnurstu.2003.10.007 PMID: 
15050846

	56.	 Pediaditaki O, Antigoni F, Dimitrios T. Research on the influence of health care professional’s personal experience of pain on the management of 
pain. International Journal of Caring Sciences. 2010.

	57.	 Kogan LR, Currin-McCulloch J, Brown E, Hellyer P. Dog owners’ perceptions and veterinary-related decisions pertaining to changes in their dog’s 
behavior that could indicate pain. J Am Vet Med Assoc. 2024;262(10):1370–8. https://doi.org/10.2460/javma.24.02.0120 PMID: 39032508

	58.	 Ashkenazy S, DeKeyser Ganz F. The Differentiation Between Pain and Discomfort: A Concept Analysis of Discomfort. Pain Manag Nurs. 
2019;20(6):556–62. https://doi.org/10.1016/j.pmn.2019.05.003 PMID: 31307870

	59.	 Meechan JG, Thomason JM. A comparison of 2 topical anesthetics on the discomfort of intraligamentary injections: a double-blind, split-mouth vol-
unteer clinical trial. Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 1999;87(3):362–5. https://doi.org/10.1016/s1079-2104(99)70224-6 PMID: 
10102601

	60.	 Buffum MD, Miaskowski C, Sands L, Brod M. A pilot study of the relationship between discomfort and agitation in patients with dementia. Geriatr 
Nurs. 2001;22(2):80–5. https://doi.org/10.1067/mgn.2001.115196 PMID: 11326214

	61.	 Cooke M, Chaboyer W, Schluter P, Foster M, Harris D, Teakle R. The effect of music on discomfort experienced by intensive care unit patients 
during turning: a randomized cross-over study. Int J Nurs Pract. 2010;16(2):125–31. https://doi.org/10.1111/j.1440-172X.2010.01819.x PMID: 
20487057

	62.	 Raja SN, Carr DB, Cohen M, Finnerup NB, Flor H, Gibson S, et al. The revised International Association for the Study of Pain definition of pain: 
concepts, challenges, and compromises. Pain. 2020;161(9):1976–82. https://doi.org/10.1097/j.pain.0000000000001939 PMID: 32694387

	63.	 Herzog H. Women dominate research on Human-Animal Bond. Am. Psychol. 2021; https://www.psychologytoday.com/us/blog/
animals-and-us/202105/women-dominate-research-the-human-animal-bond

	64.	 Schirmer A, Seow CS, Penney TB. Humans process dog and human facial affect in similar ways. PLoS One. 2013;8(9):e74591. https://doi.
org/10.1371/journal.pone.0074591 PMID: 24023954

	65.	 Gruen ME, White P, Hare B. Do dog breeds differ in pain sensitivity? Veterinarians and the public believe they do. PLoS One. 
2020;15(3):e0230315. https://doi.org/10.1371/journal.pone.0230315 PMID: 32182261

	66.	 Monteiro BP, Lascelles BDX, Murrell J, Robertson S, Steagall PVM, Wright B. 2022 WSAVA guidelines for the recognition, assessment and treat-
ment of pain. J of Small Animal Practice. 2022;64(4):177–254. https://doi.org/10.1111/jsap.13566

https://doi.org/10.1016/j.jveb.2023.02.006
https://doi.org/10.3390/ani11030890
http://www.ncbi.nlm.nih.gov/pubmed/33804748
https://doi.org/10.1016/j.applanim.2016.12.007
https://doi.org/10.1016/j.applanim.2005.01.007
https://doi.org/10.1371/journal.pone.0051775
http://www.ncbi.nlm.nih.gov/pubmed/23284765
https://doi.org/10.1016/j.jveb.2011.07.003
https://doi.org/10.3389/fvets.2024.1374858
http://www.ncbi.nlm.nih.gov/pubmed/38638643
https://doi.org/10.1097/j.pain.0000000000000582
http://www.ncbi.nlm.nih.gov/pubmed/27075427
https://doi.org/10.1016/j.neubiorev.2016.02.009
https://doi.org/10.1016/j.neubiorev.2016.02.009
http://www.ncbi.nlm.nih.gov/pubmed/26877105
https://doi.org/10.1016/j.ijnurstu.2003.10.007
http://www.ncbi.nlm.nih.gov/pubmed/15050846
https://doi.org/10.2460/javma.24.02.0120
http://www.ncbi.nlm.nih.gov/pubmed/39032508
https://doi.org/10.1016/j.pmn.2019.05.003
http://www.ncbi.nlm.nih.gov/pubmed/31307870
https://doi.org/10.1016/s1079-2104(99)70224-6
http://www.ncbi.nlm.nih.gov/pubmed/10102601
https://doi.org/10.1067/mgn.2001.115196
http://www.ncbi.nlm.nih.gov/pubmed/11326214
https://doi.org/10.1111/j.1440-172X.2010.01819.x
http://www.ncbi.nlm.nih.gov/pubmed/20487057
https://doi.org/10.1097/j.pain.0000000000001939
http://www.ncbi.nlm.nih.gov/pubmed/32694387
https://www.psychologytoday.com/us/blog/animals-and-us/202105/women-dominate-research-the-human-animal-bond
https://www.psychologytoday.com/us/blog/animals-and-us/202105/women-dominate-research-the-human-animal-bond
https://doi.org/10.1371/journal.pone.0074591
https://doi.org/10.1371/journal.pone.0074591
http://www.ncbi.nlm.nih.gov/pubmed/24023954
https://doi.org/10.1371/journal.pone.0230315
http://www.ncbi.nlm.nih.gov/pubmed/32182261
https://doi.org/10.1111/jsap.13566

