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Abstract: Accurately and promptly assessing pain in experimental animals is extremely important to avoid 
unnecessary suffering of the animals and to enhance the reproducibility of experiments. This is a key concern for 
veterinarians, animal caretakers, and researchers from the perspectives of veterinary care and animal welfare. 
Various methods including ethology, immunohistochemistry, electrophysiology, and molecular biology are used for 
pain assessment. However, the grimace scale, which was developed by taking cues from interpreting pain through 
facial expressions of non-verbal infants, has become recognized as a very simple and practical method for objectively 
evaluating pain levels by scoring changes in an animal’s expressions. This method, which was first implemented 
with mice approximately 10 years ago, is now being applied to various experimental animals and is widely used 
in research settings. This review focuses on the usability of the grimace scale from the “cage-side” perspective, 
aiming to make it a more user-friendly tool for those involved in animal experiments. Differences in facial expressions 
in response to pain in various animals, examples of applying the grimace scale, current automated analytical 
methods, and future prospects are discussed.
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Introduction

Accurately and promptly assessing the pain of labora-
tory animals is crucial to avoid unnecessary animal suf-
fering and to enhance the reproducibility of experiments. 
This is of utmost importance from the perspectives of 
veterinary care and animal welfare, which are daily pri-
orities for veterinarians, caretakers, and researchers 
[1–3]. Laboratory animal professionals (LAPs) involved 
in animal experimentation are often perceived to possess 
extensive knowledge about animal behavior, emotions, 
and cognition. However, such perceptions can be mis-
leading. In reality, LAPs do not have the ability to con-
verse directly with animals like Dr. Dolittle in Hugh 
Lofting’s creation or exist in a scenario in which animals 
communicate directly, as seen in Disney’s movie Zooto-
pia. As a result, accurately understanding the thoughts 
and feelings of animals can be challenging. Nevertheless, 

through meticulous daily observations, LAPs can de-
velop the ability to discern meaning in animal behavior 
and speculate about the underlying emotions and 
thoughts. By paying attention to subtle changes in animal 
behavior, LAPs can quickly detect abnormalities in their 
health. This ability plays a crucial role in managing the 
wellbeing of laboratory animals, forming the foundation 
for the reliability and ethical posture of animal experi-
ments. In this way, LAPs can contribute to scientific 
research by providing deep insights into animal behavior 
and psychology.

On the other hand, experiments involving laboratory 
animals to study conditions such as infections and cancer 
require the establishment of endpoints for scientific pur-
poses. There is a simultaneous general demand to set 
humane endpoints based on animal welfare. Humane 
endpoints refer to the decision point where the suffering 
of animals is deemed to outweigh the benefits of the 
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experiment, and, as such, the experiment is terminated 
[4, 5]. This concept is based on harm-benefit analysis 
and emphasizes the ethical aspects of animal experiments 
[5]. However, accurately quantifying animal pain can be 
challenging. Researchers cannot directly assess the de-
gree of pain in animals, and pain assessment relies on 
their behavior and physiological indicators. This situa-
tion poses risks of either subjecting laboratory animals 
to excessive pain or prematurely terminating experi-
ments without sufficient confirmation of the efficacy of 
the drug being evaluated.

Currently, the principles of the 3Rs (replacement, 
reduction, and refinement) are widely recognized and 
practiced in animal experimentation. These principles 
aim to minimize the use of animals while maximizing 
animal welfare. Recently, the concept of “responsibility” 
has also been considered as the fourth R [6]. The concept 
of “responsibility” not only enhances the direct welfare 
of animals but also affects the health and mental wellbe-
ing of veterinarians and researchers involved in experi-
ments. While animal experiments may potentially cause 
pain to animals, particularly meaningless experiments 
can result in unforeseen excessive animal pain and in-
adequate results and induce stress and compassion fa-
tigue in practitioners [7–9].

Accurately and promptly assessing the degree and 
duration of pain felt by experimental animals after pro-
cedures is of paramount importance in veterinary care 
and animal welfare practices. Pain in animals has tradi-
tionally been an area of ambiguous recognition because 
animals lack language, making pain assessment particu-
larly challenging. To address this issue, methods for 
evaluating facial expressions in infant communication 
have been referenced [10]. In 2010, Langford et al. de-
veloped a new method called the “Mouse grimace scale 
(MGS)” for assessing pain in mice. This scale quantita-
tively evaluates the degree of pain based on the facial 
expressions of mice. The development of the MGS has 
deepened our understanding of the pain experienced by 
laboratory animals [11]. The MGS scores elements such 
as eye narrowing (orbital tightening), nose position, 
cheek bulge, ear position, and whisker changes as action 
units (AUs) to objectively assess pain. Individuals 
trained to use this scale can accurately judge the degree 
of pain with 80% accuracy in photographs and 97% ac-
curacy in high-quality videos. Of the five elements of 
the MGS, eye narrowing, nose position, and cheek bulg-
ing are common to humans, supporting the notion that 
animal expressions are rooted in evolutionary processes, 
consistent with Charles Darwin’s predictions. Initially 
developed for mice, this pain scale assessment method 
has now been applied to a variety of animal species in-

cluding rats, rabbits, horses, sheep, pigs, ferrets, cats, 
and others [12–18]. On the other hand, in the case of 
dogs, pain has traditionally been assessed based on be-
havior and overall physical condition, so the grimace 
scale is not used. The scale uses a three-level scoring 
system for AUs, with 0 representing no signs of pain, 1 
indicating the presence of some degree of pain, and 2 
denoting clear evidence of pain.

In 2020, the International Association for the Study 
of Pain redefined pain as “an unpleasant sensory and 
emotional experience associated with, or resembling that 
associated with, actual or potential tissue damage, or 
described in terms of such damage” [19]. According to 
this definition, pain is closely related to the presence of 
physical damage as well as to an individual’s sensory 
and emotional experience. Pain is classified into acute 
pain and chronic pain. Acute pain has a clear cause that 
has occurred within three months and typically improves 
during the wound healing process but can potentially 
recur. In contrast, chronic pain may not have identifiable 
causes based on imaging findings and can persist for 
more than three months or recur, resulting in an unpleas-
ant sensory experience [20]. There are various methods 
for evaluating pain including behavioral studies as well 
as immunohistochemistry, electrophysiology, and mo-
lecular biology assessments. Among these, pain assess-
ment using the grimace scale serves as a supplementary 
means but holds significant importance in complement-
ing other evaluation methods. In this paper, we focus on 
the utility of the MGS at the “cage-side” from the per-
spective of animal experimenters and examine its useful-
ness.

Species Differences in Animals

While it may simply be that humans have not yet 
fully recognized the nuances of animal expressions, the 
assessment of pain using the grimace scale cannot be 
universally applied across species; instead, different ap-
proaches are proposed for each species. In this paper, we 
will focus on mice, rats, rabbits, pigs, dogs, and cats, 
which are commonly used as experimental animals, and 
introduce their differences. The original studies for each 
animal are summarized in Table 1, and the differences 
in facial expressions due to pain in mice, rats, rabbits, 
and cats are illustrated in Fig. 1. The differences in pain-
induced facial expressions in various animals are catego-
rized into three levels based on the intensity of pain: 
none (0), moderate (1), and obvious (2). A common 
behavior among animals in response to pain is squinting 
of the eyes. In mice, the nose and cheeks bulge, the ears 
do not face forward and spread apart, and the whiskers 
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either point backward along the cheeks or stand up and 
forward. In rats, the nose and cheeks flatten, the ears 
become pointed and spread apart, and the whiskers 
stiffen at an angle along the face. In rabbits, the cheeks 
flatten, and the nostrils change from a “U” to a “V” 
shape. The ears fold inward into a cylindrical shape, and 
the whiskers stand up and away from the cheeks, point-
ing downwards. In cats, the muzzle area becomes taut 
and oval-shaped laterally, the ears become pointed, and 
the whiskers straighten and face forward. The position 
of the head tilts below or in front of the shoulder line. It 
should be noted that the facial muscles of mammals are 
evolutionarily conserved, and there are many common 
facial movements among various animal species, includ-
ing humans [21]. Therefore, it is conceivable that some 
AUs can be universally applied. However, it is also im-
portant to consider that facial expressions serve species-
specific functions in social communication and intention 
transmission, which may differ across species [21, 22] 
Bearing this in mind, it is necessary to understand the 
species-specific characteristics in pain assessment.

Mice
In addition to the fact that the development of the 

animal grimace scale started with mice, research on the 
MGS is more advanced than that involving other ani-
mals, as mice are extensively used in animal experi-
ments. The methods used to induce pain include vasec-
tomy, ear clipping, myocardial infarction and 
thoracotomy, laparotomy, colitis, dental pulp injury, 

nerve damage, and tendon injury [23–29]. Analgesic 
effects have been tested with opioids, nonsteroidal anti-
inflammatory drugs (NSAIDs), and local anesthetics. 
The final score, calculated as the average of five AUs, 
ranges from 0–2, with the maximum being 2. Few stud-
ies have recommended analgesic intervention levels, but 
a score of approximately 0.5 has been reported [26]. In 
this case, animals with grimace scale scores of 0.5 or 
higher are experiencing pain, and within the limits that 
do not interfere with the experiment, it implies the neces-
sity of implementing analgesic measures from an animal 
welfare perspective. Different strains of mice, such as 
CD-1, BALB/c, and C57BL/6 mice, are used in experi-
ments, and they have been reported to show varying 
sensitivities to pain in behavioral assays due to differ-
ences in nociceptor expression [30–32]. Therefore, it 
might be necessary to consider that the baseline MGS 
scores can differ among strains. Supporting this, male 
C57BL/6 mice have been found to have significantly 
lower MGS scores baseline than C3H or CD-1 mice [33]. 
In addition, from a different perspective, a systematic 
review has investigated the relationship between the 
MGS scores related to pain and nest-building behaviors 
[34]. These indicators may complement each other and 
provide a more comprehensive assessment of animal 
welfare, but their correlation and interaction in specific 
situations remain unclear. Moreover, comparisons with 
existing pain scales are not straightforward because the 
measurements were not obtained simultaneously or over 
a short period [35]; thus, further research is needed to 

Table 1.	 Original research on the grimace scale in various species

Species
Verification method

Action unit Decision Reference 
No.(Type of pain elicited)

Mouse Intraperitoneal administration of 0.9 % 
acetic acid

Orbital tightning, Nose bulge, Cheek bulge, Ear posi-
tion and Whiker changes

Video image, 
Real-time

11

Rat Intraplantar administration of Complete 
Freund’s adjuvant, caolin and carrageenin, 
Laparotomy (abdominal surgery)

Orbital tightning, Nose/Cheek flattening, Ear position 
and Whiker changes

Video image, 
Real-time

12

Rabbit Ear tatooing Orbital tightning, Nose bulge, Cheek bulge, Ear posi-
tion and Whiker changes

Video image, 
Real-time

13

Piglet Castration Orbital tightning, Nose/Cheek bulge and Ear position Video image 14
Cat Spontaneous acute pain, Post-operative 

pain
Ear position, Orbital tightning, Muzzle tension, Whis-
ker change and Head position

Video image, 
Real-time

15

Horse Castration Ear position, Orbital tightning, Tension above the eye 
area, Prominent strained chewing muscles, Mouth 
strained and pronounced chin and Strained nostrils 
and flattening of the profile

Real-time 16

Sheep Footrot and mastitis Orbital tightning, Cheek (masseter muscle) tighten-
ing, Ear position, Lip and Jaw profile and Nostril and 
Philtrum shape

Video image 17

Ferret Telemetry device implantation Orbital tightning, Nose bulge, Cheek bulge, Ear posi-
tion and Whiker changes

Video image 18
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Fig. 1.	 Differences in facial expressions due to pain in various animals. 
Differences in facial expressions due to pain in various animals 
were categorized into three levels of pain intensity: none (0), mod-
erate (1), and clearly present (2). Commonly observed behavior 
in animals when experiencing pain includes squinting of the eyes. 
(A) In mice, the nose and cheeks bulge, the ears do not face for-
ward, and there is an increased gap between them. The whiskers 
either curve backward along the cheeks or stand up forward. (B) 
In rats, the nose and cheeks become flatter, the ears take on a 
pointed shape, and the gap widens. The whiskers become stiff and 
angle along the face. (C) In rabbits, the cheeks become flatter, the 
nostrils change from a “U” to a “V” shape, the ears fold inwards 
to a cylindrical shape, and the whiskers stand away from the cheeks 
and point downwards. (D) In cats, the snout widens into a hori-
zontal elliptical shape, the ears become pointed, the whiskers re-
main straight and forward, and the head tilts below or in front of 
the shoulder line.
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determine their superiority and accuracy. There are also 
efforts to further simplify the MGS in mice. Ernst et al. 
developed a chronic liver fibrosis model by abdominal 
injection of tetrachloromethane (CCl4) into mice over 
four weeks and evaluated the relative importance of the 
AUs of the MGS [36]. This study revealed that the tight-
ening of the eyes has the most significant impact on the 
MGS score. Based on these results, they suggest using 
eye tension as the primary evaluation parameter to sim-
plify the MGS. This proposal could be an effective 
method when the implementation of MGS is challenging 
or when a rapid assessment is necessary.

Rats
In addition to their frequent use in animal experiments, 

rats are often preferred over mice due to their larger size 
and more easily interpretable facial expressions. Conse-
quently, there are numerous reports on the Rat grimace 
scale (RGS). The methods for inducing pain include 
acute and chronic colitis models, intraplantar carra-
geenan injection, fibromyalgia models, neuropathic pain 
models, plantar incision, spinal cord injury models, 
laparotomy, and telemetry implantation surgery [37–44]. 
Analgesic efficacy in these models is tested using opi-
oids, NSAIDs, local anesthetics, anticonvulsants, and 
antidepressants. In mice, the nose and cheeks normally 
appear smooth, but distinct bulging is observed in both 
when in pain. In contrast, rats typically exhibit noticeable 
bulging of the nose and cheeks under normal conditions, 
which flattens and elongates along the bridge of the nose 
and the vibrissal pads during pain [12]. No strain differ-
ences have been confirmed with the RGS [43]. Many 
papers calculate the final score as the average of four 
AUs in a three-tier system (0-1-2), with the maximum 
score being 2. The analgesic intervention score is con-
sidered to be 0.67 out of 2 [44]. In contrast to rats, the 
analgesic intervention score for mice is set at 0.5; this 
discrepancy is attributed to variations in facial expres-
sions based on animal species and developmental stages. 
Facial expressions are developmentally plastic features, 
and their neural basis originates from neural circuits in 
the brainstem and midbrain. Therefore, the function of 
facial expressions not only conveys the intensity and 
nature of pain but also affects social interactions and the 
efficacy of analgesics, leading to different intervention 
scores across species [45]. Moreover, rats are com-
monly used in safety testing [46], and incorporating the 
RGS score as an evaluation criterion can facilitate a more 
accurate assessment of animal discomfort, potentially 
accelerating the development of pharmaceuticals.

Rabbits
In rabbits, the evaluation of ear tattoos for individual 

identification and spontaneous pain following cranioto-
my surgery has been assessed [13, 47]. The analgesics 
used include local anesthetics (EMLA cream; a eutectic 
mixture of lidocaine and propitocaine), meloxicam, and 
buprenorphine. The AUs employed are similar to those 
used in mice, comprising five items. The final score is 
either the average or the sum of these values, and the 
maximum is 2 (average) or 10 (sum). The intervention 
score for pain relief is reported to be 4/10 [47].

Pigs
Although reports regarding pigs are scarce, pain as-

sessment during piglet castration is conducted based on 
facial expressions. The analgesics used include local 
anesthetics, opioids, and NSAIDs. The AUs consist of 
orbital tightening, nose and cheek bulge, and ear posi-
tion. Orbital tightening is scored on a two-point scale 
(0-1), while the others are on a three-point scale (0-1-2). 
The highest score is 5, based on the sum of these stages 
[14, 48].

Dogs
To assess pain in dogs, the Glasgow Composite Mea-

sure Pain Scale (CMPS) was developed [49], which 
evaluates pain through a comprehensive observation of 
behavior and overall physical condition rather than 
merely using facial expressions, as in the grimace scale. 
A modified version, the Short-Form CMPS (CMPS-SF), 
is currently widely used [50]. The CMPS-SF consists of 
six behavioral categories, each with multiple options: 
vocalization, attention to the wound, mobility, response 
to palpation, demeanor, and posture/activity. The options 
within each category are numerically ranked according 
to the severity of the associated pain. The most appropri-
ate option matching the dog’s behavior and condition is 
selected and scored on a five-point scale, ranging from 
0 to 4. The total score is calculated by summing the in-
dividual rank scores. The maximum score is 24 points 
(or 20 points if mobility cannot be assessed). The total 
score serves as a useful indicator for the need for anal-
gesics, with a recommended analgesic intervention 
level of 6/24 (or 5/20). There have been no reports of 
pain assessment in dogs using the grimace scale, and 
evaluating the correlation between the grimace scale and 
CMPS-SF remains a task for the future.

Cats
For cats, which are also companion animals, the 

CMPS-feline (CMPS-F) was developed in 2007 by Reid 
et al.[51], and its modified version, the rCMPS-F, was 
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reported by Calvo et al. in 2014 [52]. In addition, the 
Feline grimace scale (FGS), which focuses on cat facial 
expressions, has been developed [15]. Although chang-
es in behavior due to pain in cats are subtle and unique, 
the FGS and rCMPS-F have a very strong correlation. 
Moreover, the FGS has demonstrated high interobserver 
reliability, temporal consistency, and internal consis-
tency, making grimace scale-based pain assessment 
particularly useful in cats [15]. Its clinical application 
has been demonstrated in a study of 65 cats undergoing 
ovariohysterectomy; responsiveness to analgesics was 
observed both in a real-time assessment and a retrospec-
tive evaluation using images [53]. The final score is 
based on a three-point scale (0-1-2) across five AUs, with 
the highest possible score being 10. The recommended 
level for analgesic intervention is 4/10.

Other animals
The grimace scale has been used for various animals 

that are not commonly employed as experimental sub-
jects, including horses, sheep, donkeys, and ferrets. 
Among these, horses, which are known for their expres-
sive faces, have been included in numerous reports [17, 
18, 54–56]. Significant differences in grimace scale 
scores have been observed between painful and non-
painful states in horses, and a significant reduction in 
pain scores following analgesic intervention has been 
noted. However, for animals commonly used in experi-
ments, such as hamsters, guinea pigs, and non-human 
primates (NHPs), pain assessment using the grimace 
scale has not yet been conducted; thus, further research 
is needed. Given that some animals, such as guinea pigs, 
show only subtle behavioral changes in response to pain 
[57] and that NHPs tend to conceal their pain in the 
presence of humans or due to ethical considerations, it 
is difficult to establish a negative control [58, 59]; there-
fore, universally applying the grimace scale to all ani-
mals presents a significant challenge.

Applications

The grimace scale, which began as an assessment of 
distress levels in mice in 2010, has now been increas-
ingly applied to various animal species. Many animal 
researchers have recognized its utility and have started 
incorporating it into their work. The overwhelming sim-
plicity of the grimace scale is one of its key strengths. 
Much of the research on the grimace scale involves scor-
ing the distress of animals based on images or videos 
taken. With trained staff using these scores as a basis, it 
might be possible to quickly assess animal distress and 
make real-time judgments. This would enable interven-

tions in veterinary care, such as assessing and alleviating 
animal distress from the cage side, even in simplified 
experiments lacking vital monitors. In particular, actions 
such as administering pain relief medication to animals 
exceeding a pain intervention score, recognizing pain 
(i.e., applying humane endpoints to animals with sus-
tained pain beyond a certain threshold), and providing 
euthanasia when necessary, can be considered. By ob-
taining prior approval from animal experimentation 
committees and researchers, it is possible to minimize 
the time and extent of animal distress and potentially 
reduce stress for animal researchers. However, it is im-
portant to note that real-time assessment is not feasible 
for everyone and is not always straightforward. Miller 
et al. reported that real-time AU scores are significantly 
lower than those determined from captured images [33]. 
This discrepancy could be due to the timing of observa-
tions; for example, a photograph taken when a mouse is 
facing forward might coincidentally capture it blinking, 
potentially leading to a higher score for orbital tighten-
ing. In contrast, live scoring does not increase the score 
for orbital tightening if the mouse blinks during a 5-sec-
ond observation period. This highlights how scoring 
methods can influence the grimace scale scores. In con-
trast, some studies have reported that real-time evalua-
tions yield scores comparable to video image analysis. 
Leung et al. compared real-time RGS score evaluations 
using a point method (brief checks at certain intervals 
and scores based on those moments) and an interval 
method (adding a 15-second observation period to these 
checks) with traditional video image analysis. The real-
time RGS scores showed high concordance with standard 
scores and could distinguish between analgesic and sa-
line treatments. The interval method was more sensitive 
than the point method and remained effective even when 
the observation times were reduced to less than five min 
[38]. Beyond sensitivity issues in real-time evaluations, 
the gender of the assessor entering the laboratory may 
need to be considered. It has been reported that mice and 
rats exposed to male odors exhibit a significant reduction 
in facial expressions and behaviors indicative of pain 
due to stress-induced analgesia [60], leading to lower 
grimace scale scores. This effect was not observed with 
female assessors. In addition, women might demonstrate 
more empathy toward pain, potentially leading to high-
er FGS scores than male assessors [61].

Traditionally, the grimace scale was considered ap-
plicable only for assessing acute pain, such as post-
surgical pain, and not suited for evaluating chronic pain 
[34]. However, significant reductions in the grimace 
scale scores of rats and mice with neuropathic pain mod-
els following fentanyl administration suggest that the 
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grimace scale might also be meaningful for assessing 
chronic pain [62]. While the advantages and disadvan-
tages of the grimace scale itself have been discussed, its 
utility as a tool for assessing animal welfare has also 
been recognized. Miller et al. investigated whether there 
were differences in MGS scores when CBA and DBA/2 
mice were transferred from cage to cage either by tail 
handling or using a tube [63]. However, this study did 
not find differences in the MGS scores due to the han-
dling method. Swan et al. demonstrated that training 
CD-1 mice to be transported using cups instead of tra-
ditional handling for 3–5 weeks resulted in lower MGS 
scores during subcutaneous injections and tail vein blood 
collection [64]. Notably, the ear score within the MGS 
was particularly sensitive, suggesting the potential of 
the scale to assess stress as well as pain.

The grimace scale has also been used to evaluate eu-
thanasia methods in rats. Domínguez-Oliva et al. em-
ployed the RGS to assess pain associated with six eu-
thanasia methods (injection, inhalation, and physical 
methods). They found that decapitation and intraperito-
neal injection of ketamine/xylazine scored the highest 
during euthanasia, while inhalation of CO2 and isoflurane 
scored high post-euthanasia [65]. While the RGS is based 
on specific facial muscle units and should be used in 

combination with other pain indicators for a complete 
picture, it might provide objective criteria for choosing 
humane euthanasia methods in other animal species. 
Thus, the grimace scale can potentially be used to assess 
animal pain and as a tool for real-time, cage-side deter-
mination of animal welfare. However, various condi-
tions, such as the combination of the evaluator and ani-
mal, need to be considered. In large-scale experiments 
requiring multiple scorers, refined scoring sheets are 
necessary. Bugnon et al. discussed scoring sheet designs 
[66] and suggested that appropriately designed sheets 
could help avoid unnecessary pain in animals.

Furthermore, in addition to the specific applications 
of the grimace scale in mice and rats mentioned earlier 
(strain, gender, age, method of pain induction, and ef-
fectiveness of the grimace scale), we have also included 
other examples in Tables 2 and 3 [67–80].

Automated Analytical Methods

While the scoring of the grimace scale by trained staff 
is straightforward and quick, it is not easily performed 
by an inexperienced observer, as it requires a deep un-
derstanding of animal expressions and experienced per-
sonnel. To address this issue, recent rapid developments 

Table 2.	E xperimental conditions on mouse grimace scale

Species Strain Sex Age (weeks)
Verification method Results Reference 

No.(Type of pain elicited) (Positive or Negative)
Mouse CD-1 (ICR) Both 6–18 Intraperitoneal administration 

of 0.9 % acetic acid
P 11

Mouse CD-1 (ICR) Male - (B.W. 30–40 g) Vasectomy P 23
Mouse C57BL/6 Male 8 Ear notching P 24
Mouse C57BL/6J Female 12–16 Myocardial infarction and 

thoracotomy
P 25

Mouse CD-1 (ICR) Both 6–8 Sham ventral ovariectomy 
(laparotomy)

P 26

Mouse C57BL/6J Female 8 Colitis N 27
Mouse CD-1 and 

C57BL/6J
Both 17–21 Injury of the tooth pulp P 28

Mouse C57BL/6 Male - Tendon injury P 29
Mouse C57BL/6N Male 8 CCl4 administration P 36
Mouse CD-1 and 

C57BL/6J
Both and Female 6–12 and 12–14 Olfactory exposure to males, 

including men
P 60

Mouse C57BL/6 Male 10–12 Trigeminal neuropathic pain P 62
Mouse CBA and DBA/2 Male - (B.W. 25.6–28.7 g 

and 23.3–26.3 g)
Handling method  
(tail versus tube)

P 63

Mouse CD-1 and 
C57BL/6N

Both 6–8 Craniotomy P 67

Mouse CD-1 (ICR) Male 8–9 Carotid artery catheterization P 68
Mouse C57BL/6N Both 7–9 Roux-en-Y gastric bypass 

(Bariatric surgery)
N 69

Mouse C57BL/6J Male 8–12 Cecal ligation and Puncture 
sepsis

N 70

Mouse C57BL/6N Male 8–9 Spinal cord injury N 71
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have been made in the automated analysis of the grimace 
scale. From its inception, the reliance of the scale on the 
observer’s judgement was a known limitation, leading 
to the swift initiation of automated analytical methods 
following the public release of the MGS. Sotocinal et al. 
developed the RGS, a method for quantifying labora-
tory pain using rat facial expressions, and partially au-
tomated it to verify its reliability, accuracy, analgesic 
sensitivity, and utility. The automation technique used 
at the time was basic; it involved the detection and ex-
traction of images from video footage where the rat’s 
eyes and ears are visible. However, it was a significant 
step forward from the labor-intensive evaluations of the 
past [12].

Tuttle et al. retrained Google’s InceptionV3, a deep 
convolutional neural network (CNN) primarily used for 
image recognition, to build a binary model that classifies 
mouse facial images as ‘pain’ or ‘no pain’. This model 
achieved a high accuracy of 94% in determining ‘pain’ 
or ‘no pain’ for a new set of images that were not in-
cluded in the training set [81]. Andresen et al. used two 
types of CNNs, ResNet50 and InceptionV3, to construct 
a binary model that classifies mouse images as either 
‘affected by anesthesia or surgery’ or ‘not affected’. They 
successfully classified images with over 80% accuracy. 
To confirm that the model was predicting based on mouse 
facial expressions, they used a method called Deep Tay-
lor Decomposition to display the contribution of each 

pixel in a heatmap and found that the facial areas used 
in the MGS such as the ears, eyes, and nose as well as 
body parts such as the back and neck were important for 
classification [82].

Automated analysis is not limited to binary pain detec-
tion. In 2022, to avoid labor and time-intensive nature 
of scoring the grimace scale, Chiang et al. developed a 
model (DeepMGS) to automatically assess mouse mi-
graine using deep learning [83]. They created a mouse 
migraine model through repetitive nitroglycerin injec-
tions, recorded facial expressions via video, and scored 
the five action units of the MGS (orbital tightening, nose 
bulge, cheek bulge, ear position, whisker change) with 
both a human and deep learning model (DeepMGS) from 
0 to 2. DeepMGS scored each action unit with 70–90% 
accuracy. It also showed scores comparable to those of 
experienced staff and superior to those of inexperienced 
staff. Heatmaps generated by gradient-weighted class 
activation mapping demonstrated that DeepMGS accu-
rately focused on MGS-related areas of the mouse facial 
images.

On the other hand, there are limitations to automated 
analytical methods. The facial expressions of animals 
captured in images or videos can vary significantly de-
pending on the direction of capture, even when taken at 
the same time, which could potentially influence the 
scoring. Furthermore, even for a single species such as 
mice, there can be significant differences in appearance 

Table 3.	E xperimental conditions on rat grimace scale

Species Strain Sex Age (weeks) Verification method Results Reference 
No.(Type of pain elicited) (Positive or Negative)

Rat Wistar Both 6–8 Intraplantar complete Freund’s adjuvant, intraarticu-
lar kaolin-carrageenan, and laparotomy

P 12

Rat SD Both 6 Dextran sulfate sodium colitis P 37
Rat SD Both - (B.W. 224–435 g) Intraplantar carrageenan P 38
Rat SD Male - (B.W. 200–250 g) Fibromyalgia P 39
Rat SD Male - (B.W. 275–349 g) Neuropathic pain P 40
Rat Wistar Male 8 Intraplantar carrageenan, intraplantar complete 

Freund’s adjuvant, plantar incision
P 41

Rat SD Male - (B.W. 275–349 g) Spinal cord injury P 42
Rat Wistar 

and SD
Female 6 Laparotomy P 43

Rat SD Female - (B.W. 284–420 g) Implantation of a telemetric radio-transmitter device P 44
Rat SD Female - (B.W. 225–250 g) Olfactory exposure to males, including men P 60
Rat SD Male 10–13 Trigeminal neuropathic pain P 62
Rat Wistar Male 96–100 Laparotomy P 72
Rat SD Male 8 Hind-paw surgery P 73
Rat Wistar Female 9–12 Laminectomy on spinal cord contusion P 74
Rat Wistar Male - (B.W. 340–492 g) Sepsis P 75
Rat Wistar Male - (B.W. 275–325 g) Liver biopsy by laparotomy and laparoscopy P 76
Rat SD Male - (B.W. 300–380 g) Intracerebral hemorrhage P 77
Rat Wistar Both - (B.W. 250–300 g) Hot-plate test and laparotomy N 78
Rat Wistar Male 5–6 Endotoxin-induced exacerbated post-incisional pain P 79
Rat SD - - (B.W. 225–250 g) Sciatic nerve resection P 80
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and fur color due to different genetic strains, and the 
expression of pain may also vary with age and gender. 
In fact, when measuring facial pain induced by the neu-
ropeptides calcitonin gene-related peptide (CGRP) and 
amylin, which are associated with migraines, squinting 
of the eyes more strongly elicited this response in female 
mice, while in male mice, it had no effect [84]. In addi-
tion, attempting to extrapolate certain types of auto-
mated analytical models under different conditions, such 
as variations in administration methods or different 
drugs, has resulted in low accuracy when tested with 
actual test data [82]. Other CNNs in use include You 
Only Look Once (YOLOv3, YOLOv5), Contrastive 
Language-Image Pretraining (CLIP), Matlab 2016b, 
ShuffleNetV2, EfficentNetB0, and MobileNetV3, among 
others [85–89]. With these limitations in mind, it is cur-
rently challenging to achieve a perfect assessment of 
animal pain using automated technology. However, con-
sidering the current advancements in image recognition 
technology and artificial intelligence, these issues re-
lated to automation may be resolved in the near future. 
Moreover, looking ahead, factors such as the recruitment 
of researchers who have never worked with animals and 
the retirement of experienced staff capable of distin-
guishing differences in animal expressions will coincide, 
making human resources even more valuable. Therefore, 
the need for automation technology is expected to con-
tinue to increase. In this regard, there is no doubt that 
automated analytical methods will become a powerful 
tool supporting animal welfare. Furthermore, among the 
software applications discussed in this section, free soft-
ware options are summarized in Table 4.

Future Perspectives

In animal experimentation, it is generally agreed that 
except in specific cases such as creating disease models 
or verifying the effects of analgesics, animals’ pain 
should be minimized as much as possible. While more 
accurate pain assessment can be achieved through vari-
ous monitoring tools or blood tests, these methods are 
not easily implementable in a noninvasive manner. It is 
not the intention of animal experimenters to inflict ad-
ditional suffering on animals through surgical procedures 
or restraint for the purpose of pain alleviation. In this 
context, cage-side pain assessment using the grimace 
scale, which involves no invasiveness, is highly desirable 
for animal welfare. Animal experimenters have long been 
vaguely aware of this, but the quantification and visual-
ization of pain levels inferred from animal expressions 
through the grimace scale are highly significant. The 
grimace scale has become synonymous with assessing 

animals’ pain levels. However, it can be challenging for 
those who do not regularly interact with animals, espe-
cially beginners, to interpret and apply these assessments 
based on textual information from papers. In response, 
the UK’s National Centre for the Replacement, Refine-
ment & Reduction of Animals in Research (NC3Rs) has 
created posters of the grimace scale for mice, rats, and 
rabbits to raise awareness and help experimenters famil-
iarize themselves with the specific expressions of pain 
in different animal species (https://www.nc3rs.org.
uk/3rs-resources/grimace-scales). These posters, which 
capture a snapshot of animals in pain, are extremely 
useful for beginners who may find it difficult to visualize 
animal suffering. These grimace scale-related posters 
have been translated into various languages including 
Japanese. In Japan, the Laboratory Animal Welfare and 
Communication (LAWCom) is involved in producing 
and distributing these posters and supporting universities 
and companies engaged in research, education, and test-
ing for the realization of animal welfare (https://www.
lab-awcom.org). In this regard, before implementing 
grimace scale assessments, experimenters may benefit 
from utilizing such materials and aligning perspectives 
among themselves using online learning tools.

A quick and cage-side pain assessment using the gri-
mace scale is likely to advance significantly towards 
automation with the improvement of image recognition 
technology. Due to current processing capacity issues, 
automated technology is employed primarily retrospec-
tively using recorded videos or images. However, future 
systems might assess the total behavior and expressions 
of animals, alerting responsible persons in real-time if 
an animal’s condition deteriorates. It is premature to 
assume that such systems will replace the jobs of animal 
caretakers. When alerts indicate deteriorating conditions, 
it is still the cage-side humans who will rush to the scene, 
re-evaluate the animal’s condition, and make decisions 
on analgesic administration or humane endpoints. By 
adeptly utilizing these systems, more sophisticated and 
reproducible animal experiments can be realized.

Conclusion

The grimace scale, which is based on animal expres-
sions for pain assessment, is characterized by its rapid-
ity and is now applicable to various animal species. 
Although there are differences in assessment items across 
species and some variations due to breed or sex, the 
grimace scale has achieved a certain level of validation 
for pain assessment. Future developments, supported by 
improved image recognition technologies, will likely 
facilitate real-time, cage-side pain assessment, making 
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the grimace scale an increasingly valuable tool in refined 
animal experimentation.
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