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USE OF RAT GRIMACE SCALE IN PAIN RESEARCH

Since its introduction in 2011, the Rat Grimace Scale (RGS) has proven to be a valuable tool for pain
assessment in preclinical studies. This scale includes the assessment of four functional units to quantify
pain responses in rats. By observing and assessing changes such as orbital tightening, nose/cheek flat-
tening, ear changes, whisker change researchers can objectively assess the severity of pain experienced
by animals. In our article, we offer an overview of a various studies applying this method across surgi-
cal and postoperative pain models, inflammatory pain models, orthodontic and orofacial pain models,
neuropathic pain models, and others. This study specifically investigates the effectiveness of the RGS
in assessing pain in rats, with a particular focus on a nitroglycerin-induced migraine model. The article
underscores the humane and non-invasive nature of the RGS, aligning with current ethical standards in
animal research. Additionally, it explores the potential application of the RGS across diverse disciplines,
including neuroscience, pharmacology, and veterinary medicine. The study also addresses limitations
and biases in the current pain assessment methods, proposing future research directions to enhance
accuracy and ethical practices in animal pain research. The development of an automated RGS system
capable of identifying facial action units in rat images and predicting RGS scores has become imperative
to to reduce the labor intensity of the image acquisition and scoring process.

Key words: rat grimace scale, pain, migraine, preclinical study.
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AybIPCbIHYAbI 3€pTTey Ke3iHAe ereyKyMpbiKTapAbIH,
bet-aAneti LLIkaracbiH KOAAQHY

2011 XbIAbl eHrisiareHHeH 6acTar, EreykyipbikTapabiH, bet-aaneti LLkaaackl (EBLL) kanHuMKara
AENiHr  3epTTeyAepAeri - ayblpCbiHyAbl  0aFraAayAblH  KYHAbl  KypaAblHa aiHaAabl. ByA likaAa
ereyKympblKTapAarbl ayblPCbiHY peakuMsSAapbiH CaHAbIK, 6araAay YLiH TOPT PyHKUMOHAAAbI BipAIKTi
6ararayAbl KaMTuAblL. OpOUTaAAbIK TapbIAY, MYPbIH MEH LLLEKTIH, TEriCTEAYI, KYAaK MeH MypTTbiH e3repyi
CUSIKTbI e3repicTepai 6akbiaay >keaHe 6araray apKbiAbl 3epTTeyLiAep XKaHyapAapAbIH, ayblPCbIHYbIHbIH
aybIPAbIFbIH OOBEKTMBTI TypAe Oararar anaabl. Bi3aiH Makarapa 6i3 GyA 8AiIC XMPYPrUsIAbIK, XKoHe
ornepauusiaaH KemiHri ayblpCbiHy YATIAEpiHAE, KabbiHy aypybl YAriAepiHAE, OPTOAOHTMSIAbIK, >KoHe
aybi3-6eT aypybl YAriAepiHAE, HEBPOMATUSIAbIK, aYbIPCbIHY YATIAEPIHAE XKOHE T.6. KOAAAHbBIAFAH BPTYPAI
3epTTEYAEpre WOAY XKacaMbi3. 3epTTey ereykynpbikTapAarbl ayblpCbiHyAbl 6ararayAa EBLL TUimaiAiriH
KepceTeAi, HUTPOrAMLIEPUHMEH WMHAYKUMSAQHFAH MUIpeHb YATiCiHe epeklle Ha3ap ayAapblAaAbl.
JKaHyapAapAbl 3epTTeyae Kasipri 3TMKaAblK, CTaHAQPTTapFa COMKEC KEAETIH N'YMaHUTapPAbIK, MHBA3UBTI
emec aaic petiHae EBLL peai atan eTiAeai. HelpofbiAbIM, hapMakOAOrMs >KeHe BeTepMHapUsIHbI Koca
aAFaHAa, apTypAi neHaepae EBLLI koaaaHy aAeyeTi 3epTTeseai. 3epTrey ayblpCbiHyAbl GararayAblH,
KOAAQHBICTaFbl ©AICTEPIHAErN LUEKTEYAEPAI KapacCTblpaAbl, aybIpCbiHYAbl 3epTTeY CaAaCbIHAAFbI
ABDAAIKTI XKaKCapTy XXOHEe 3TUKAAbIK epeXxxeAepAi cakTay YiLiH 6oAallak 3epTTeyAepAiH 6arbITTapbiH
YCblHaAbl. Ereykympblk KeckiHAepiHAEeri (pyHKUMOHaAABIK, BipAikTepAi aHbikTayFa >keHe EBLLI
GararayAapblH GoAXKayFa KabiAeTTi aBToMaTTaHAbIpbiAFaH EBLL >xyreciH a3ipAaey KeckiHAEpAI aAy
>KaHe Baraay NMPOLECiHiH KYPAEGAIAITIH a3anTy yiiH Ka>keT 60AADI.

Ty¥iH ce3aep: ereyKymnpbIKTapAbiH OET-9AMETI LKAAACDI, ayblPCbIHY, MUTPEHb, KAMHUKaFa AEMiHTi
3epTTey.
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Mcnoab3oBanue LLkaabl pumac KpbiCbl
B MCCAEAOBAHUSAX 6OAM

C MomeHTa cBoero BHeapeHns B 2011 roay Lllkaaa Tpumacbl Kpbic (LUTK) ctasra ueHHbIM
MHCTPYMEHTOM AASI OLEHKM BOAM B MPEKAMHUYECKMX MCCAEAOBAHMSIX. JTa LWIKAAA BKAIOYAET OLEHKY
yeTbipex (PYHKLMOHAAbHbBIX € AVHULL AASI KOAMUYECTBEHHOM OLLeHKM GOAEBbIX peakLmii y Kpbic. Habatoaast
M OLLEHMBAs TaKMe U3MEHEHMs Kak OpOUTAAbHOE Cy>KEHME, YTMAOLLEHME HOCA U LLIEK, U3MEHEHUE yLleit
M YCOB, UCCAEAOBATEAM MOTYT OOBEKTUBHO OLEHUTb TSXKECTb GOAU, KOTOPYIO UCTIbITHIBAIOT KUBOTHbIE.
B Halweit cTatbe Mbl peAoCcTaBAsieM 0630p Pa3HOOOPA3HbIX MCCAEAOBAHUI, B KOTOPbIX AQHHbIA METOA
MPUMEHSIACS B XMPYPIrUUECKMX U MOCAEONEePALMOHHbIX MOAEASIX BOAM, BOCMIAAUTEABHBIX MOAEASIX BOAM,
OPTOAOHTMYECKMX M OpOPaLMaAbHbIX MOAEASX OOAM, HEBPOMATUUECKMX MOAEASIX 60AM U Apyrux. B
NCCAEAOBaAHMM AeMOHCTpupyeTcst addpekTrBHOCTb LUTK npm oueHke 60AM y KpbiC, 0cO60€ BHMMaHMe
YAEGASETCS MOAEAM MUIPEHU, WHAYLIMPOBAHHOM HUTPOrAMUEpuHOM. B cTaTbe mnoauvepkumBaeTcs
poab LLTK kak ryMaHHOro, HeMHBa3MBHOIO METOAQ, COOTBETCTBYIOLLENO COBPEMEHHbBIM 3TUUYECKMM
CTaHAQPTaM B MCCAEAOBAHMAX Ha >KMBOTHbIX. Kpome Toro, nayyaercs noteHuman npumerenmns LLITK
B Pa3AMYHbBIX AMCLIMMAMHAX, BKAIOYAS HEMPOHAyKy, )apMakKOAOrMio 1 BeTepuHapuio. MccaepoBaHue
TaKKe pPacCMaTpuBaeT OrpaHuWueHus B CYyLLECTBYIOWIMX METOAAX OUeHKM 00AM, MpeaAsaraer
HanpaBAeHUS GYAYLUMX UCCAEAOBAHUI AAS MOBbILEHUSI TOYHOCTU M COBAIOAEHMS 3TUYECKMX HOPM
B 00AaCTM MCCAeAOBaHMin 60An. PaspaboTtka aBTomatmsmpoBaHHoOi cucTembl LUK, crnoco6Hom
MAEHTUDULMPOBATL (DYHKLIMOHAAbHbBIE EAMHMLBI HA M306PAKEHUSAX KPbIC M MPOrHO3MPOBATb OLLEHKM
LLTK, cTarna HEOGXOAMMOM AASI YMEHDbLLEHWS TPYAOEMKOCTHM MPOLIECCA MOAYUEHUS M300PAKEHNIA U 1X
OLLEHKM.

KAtoueBble CAOBa: LKAAQ FPUMAChI KPbIC, 6OAb, MUTPEHb, MPEKAMHUYECKME MCCAEAOBAHUS.

Abbreviations
RGS — rat grimace scale, NTG — nitroglycerin
Introduction

It is imperative to employ a diverse range of
methods for assessing pain in animal models. This
necessity arises from the fact that animals lack
the ability to provide feedback on their pain in the
manner humans do during a medical examination.
A similar challenge is encountered in studies
conducted on non-verbal patients, such as children
who have not yet learnt to speak. In such cases,
pain assessment is often relies on analyses of facial
characteristics. Drawing on Darwin’s observation
that animals exhibit changes in facial expressions
analogous to humans when expressing emotion
[1], a mouse grimace scale [2] was developed in
2010. Subsequently, in the following year, a similar
rat grimace scale was introduced to evaluate the
pain state of rats [3] This progression was logical,
considering that the number of studies utilizing rats
in pain research has consistently outnumbered those
employing mouse models (Figure 1).

The rat grimace scale is utilized to assess rat
head images based on four distinctive features
[3]:

1. Orbital Tightening: This involves the
narrowing of the orbital area, manifesting either
as (partial or complete) eye closure or eye
“squeezing”;

2. Nose/Cheek Flattening: This feature observes
the reduction inbulging of the nose and cheek,
eventually leading to the absence absence of the
crease between the cheek and whisker pads;

3. Ear Changes: Ears exhibit folding, curling
and angling forwards or outwards, resulting in a
pointed shape, and the space between the ears may
appear wider;

4. Whisker Change: Vibrissae move forward
(away from the face) from the baseline position,
tending to bunch and giving the appearance of
whiskers standing on end.

The manifestation of these characteristics varies
in relation to the presence and severity of pain, as
depicted in Figure 2. Each of the four functional
units is assigned a score on a 3-point scale: 0
indicates no change, 1 indicates moderate change,
and 2 indicates marked change.
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Figure 1 — Number of articles in the PubMed database for the keywords “pain” and “rat”
or “pain” and “mice” for 2010-2023. (A) Articles by year ; (B) Total number for the period.
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Figure 2 — Comparison of rat grimaces without pain (left) and with pain (right).

A comprehensive search of the PubMed database  scale in various pain models, assess its suitability for
was conducted, covering articles up to October 23,  gauging pain status, and determine the optimal timing
2023, using the keywords “rat grimace scale” and  for obtaining photographs post-surgery or injection.
“pain” The aim was to analyze the utilization of the =~ The article selection workflow is outlined in Figure 3.

Figure 3 — Scheme for selecting articles for analysis.
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The application of the rat grimace scale and postoperative pain models, inflammatory pain
extends to various pain models, which can be models, orthodontic and orofacial pain models,
broadly categorizedinto five main types: surgical  neuropathic pain models and others (Table 1).

Table 1 — Studies that have used RGS to assess different pain models

Was RGS sensitive in the model? (the time

Type of Pain Pain Model Reference of the significant increase if mentioned)
Yes, there was a significant increase until 6
Sotocinal et al. (2011) [3] hours, with the highest level observed at 6
hours
Yes, there was a significant increase until 8
Chi et al. (2013) [4] hours, with the highest level observed at 4
hours
Yes, there was a significant increase until 8
Kawano et al. (2014) [5] hours, with the highest level observed at 4
hours
Waite et al. (2015) [6] Yes
Laparotomy .. . .
Thomas et al. (2016) [7] Yes, there was a significant increase until 8
hours
Gao et al. (2017) [8] Yes

Yes, all surgical groups developed significant
Guo et al. (2017) [9] acute pain starting 2 h postoperatively and
recovered to baseline level 12 h after surgery

Yes, with the highest level observed at 0.5 hour

Klune ez al. (2019) [10] post-operatively

Surgical apd Koyama et al. (2019) [11] Ees, Wl;h the }klnlgh?st levgl (()ibserved at2,4,6
postoperative ours after inhalation perio
pain models

Yes, there was a significant increase until 8
Implantation surgery Oliver et al. (2014) [12] hours, with the highest level observed at 4
hours

Yes, there was a significant increase at 6 hours

De Rantere et al. (2016) [13] and 9 hours

Incisional pain Kawano et al. (2016) [14] Yes, there was a significant increase at 2 hours

Yes, there was a significant increase at 2 hours

Yamanaka et al. (2017) [15] L
post 1incision

Yes, animals exhibited a significant increase in
Schneider et al. (2017) [16] average grimace score 20 sec after the acetone
application

Yes, presence of pain was evident until Day 7

Krishnan ef al. (2019) [17] in the conventionally spinal cord injured group

Laminectomy
Harikrishnan ez al. (2021) [18] Yes
Yes, all rats exhibited pain, which diminished
Pal et al. (2022) [19] by 10 days and stayed low
Semita et al. (2023) [20] Yes
Craniotomy model Tsaousi et al. (2022) [21] Yes
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Table continuation

Was RGS sensitive in the model? (the time

Type of Pain Pain Model Reference of the significant increase if mentioned)
Yes, there was a significant increase until 24
Sotocinal ef al. (2011) [3] hours, with the highest level observed at 6
hours
Complete Freund’s Yes, the RGS score was significantly increased
adjuvant (CFA) model from the baseline at 6 hour, day 1 (the highest)
Asgar et al. (2015) [22] and day 3 and returned to the baseline level by
day 7
De Rantere et al. (2016) [13] Yes, the highest increase was at 4 hours
Sotocinal ef al. (2011) [3] Yes, there was a significant increase at 3 hours
lnﬂ.ammatory De Rantere et al. (2016) [13] Yes, there was a significant increase at 6 hours
pain models and 9 hours
Kaolin/carrageenan

carrageenan model

Leung et al. (2016) [23]

Yes, there was a peak in carrageenan-induced
pain at 6 hours

Leung et al. (2019) [24]

Yes, with an expected peak in carrageenan-
induced pain at 6 hours

Lipopolysaccharide-

induced dental pulp Nurhapsari ef al. (2023) [25] Yes
inflammation

Exper.1 meI}tal AC ute Lovrenci¢ et al. (2020) [26] Yes, within 40 minutes after injection
Rhinosinusitis

Orthodontic and
orofacial pain
models

Tooth Movement

Liao et al. (2014) [27]

Yes, there was a significant increase on day 1
and day 3

Long et al. (2015) [28]

Yes, it started to increase on day 1, peaked on
day 3, maintained at the increased level on day
5 and day 7, and returned to baseline level on
day 14

Gao et al. (2016) [29]

Yes, RGS scores were significantly higher on
day 1, day 3, day 5, and day 7

Guo et al. (2019) [30]

Yes, there was a significant increase until 7
days, with the highest level observed on day 3

Jaw loading

Sperry et al. (2018) [31]

Yes, there was a significant increase until 7
days, with the highest level observed on day 5

Force-induced pain

Thammanichanon et al. (2021) [32]

Yes, there was a significant increase until 3
days

Orofacial Pain

Long et al. (2017) [33]

Yes, the pain levels were the highest on days
1 and 3

Neuropathic pain
models

Cervical Radiculopathy

Philips ef al. (2017) [34]

Yes, RGS values were the highest at 6 hours
after cervical nerve root compression

Trigeminal neuropathic
pain

Akintola et al. (2017) [35]

Yes, RGS scores 10 days 27 days after CCI
were higher in experimental group
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Table continuation

Was RGS sensitive in the model? (the time

Type of Pain Pain Model Reference of the significant increase if mentioned)
Goder et al. (2021) [36] Yes
Burn model
Goder et al. (2022) [37] Yes
Model of intracerebral Saine et al. (2016) [38] Yes
hemorrhage Wilkinson e al. (2020) [39] | Yes
Model of e
No, RGS lacked the sensitivity to successfull
Chemotherapy-Induced George et al. (2019) [40] discriminate pain in this mo dgi y
Mucositis
Yes, a significant increase in the RGS score,
. which was sustained for 2 weeks or more after
Model of fibromyalgia Nagakura et al. (2019) [41] the induction of fibromyalgia-like state by
Other pain reserpine injection
models

Tanei et al. (2020) [42]

Yes, RGS score for reserpine-induced
fibromyalgia-like rats was significantly higher

Model of fibromyalgia
Traumatic Injury compared to that for control group
Uddin et al. (2019) [43] Yes
Traumatic Injury Kudsi et al. (2023) [44] Yes

NGF-Induced
Trunk Mechanical

Reed et al. (2020) [45]

Yes, RGS scores increases reached significance

Hyperalgesia on Day 5 +4h
Temporomandibular Yes
joint osteoarthritis Liu et al. (2022) [46]
chronic pain
Endometriosis model Chen et al. (2024) [47] Yes

In terms of the number of scorers, vary in
their approach, ranging from a single experienced
scorer to several researchers trained in the use of
the scale but lacking prior experienceexperience
in image assessment. It is crucial to highlight
that these scorers analyzed the images blindly,
without information about the groups or conditions
of the study. Data analysis commonly involves
calculatingthe mean values of each scorers’ scores
for each of the four functional units, followed by
averaging these values across all assessors. This
method ensures the generation of reliable and
objective results, minimizing the potential impact
of subjective assessments by individual scorers.
In cases involving multiple assessors,statistical
measures such as Cronbach’salpha are often
employed. Ponterotto and Ruckdeschel [48]
proposed that alpha values exceeding 0.75 are
excellent for scales with a small number of items.
Two methods are employed for obtainingimages
of rats: video recording of rats over a period of a

specified period, followed by photo extraction, and
direct photography of rats. It’s worth noting that
both frontal and profile images of rats can be used
for grimace estimation. Following photography,
the images wundergo processing, including
randomization and the removal of removing all
identifying features, before being presented to
assessors for evaluation.

The RGS has emerged as a valuable tool for
pain assessment in laboratory rats, offering several
advantages over other methods. Most of the methods
assess pain by evaluating responses to nociceptive
stimuli like mechanical, thermal, and chemical
reactions or overall changes in behavior such as
weight loss and socialization pattern changes.
Although these tests offer valuable insights into the
well-being of rats, conventional evaluations of pain
responses face challenges in establishing a direct
correlation between behavior and the actual pain
experience. Many of these tests primarily monitor
secondary responses to pain, such as withdrawal

159



Use of Rat Grimace Scale in pain research

latency from a stimulus, rather than directly
capturing the subjective pain experience itself.

The RGS measures characteristic changes in
facial expressions associated with pain, providing
a non-invasive means of pain evaluation. This
method has been shown to be sensitive in different
pain models, demonstrating its its versatility and
effectiveness in different pain contexts. Compared
to other pain assessment tools, the RGS has been
noted for its ability to capture spontaneous pain,
representing the animal’s affective response to
pain [32]. This is a crucial advantage, as the RGS’s
remarkable ability to measure spontaneous pain,
particularly in conditions like migraine characterized
by this type of pain, holds immense potential for
successfully translating basic science findings into
clinically relevant applications.

The RGS provides ethical advantages in the
assessment of pain in laboratory rats. By offering a
non-invasive method for quantifying pain through
facial expressions, the RGS reduces the need for
invasive procedures or distressing manipulations that
may be involved in other pain assessment methods.
This aligns with the ethical principle of minimizing
harm and distress to research animals, as the RGS
allows for pain assessment without subjecting the
animals to additional stress or discomfort.

The primary goal of this study was to
investigate the potential of the RGS as a tool for
pain assessment across diverse scientific research
contexts. Subsequently, the secondary aim was to
reassess the effectiveness of the RGS in evaluating
pain in rats, with a specific focus on a model of
nitroglycerin-induced migraines. Lastly, the tertiary
objective aimed to advocate for the integration of
technological advancements in pain assessment
methods.

Materials and Methods

Ethical approval.

All experiments conducted in this study received
ethical approval from the local Ethics Committee
of Al-Farabi Kazakh National University located
in Almaty, Republic of Kazakhstan. Approval was
granted with the permission number IRB-377 on 24
February 2022.

Animals and their housing.

The study utilized sexually mature male
white laboratory mongrel rats born and bred in
the educational and scientific laboratory base of
Al-Farabi Kazakh National University. Animals
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were housed under natural light conditions at a
temperature of 21-22°C, in cages with hard floor and
soft bedding. Food and water were provided to the
animals ad libitum. Prior to behavioral tests, animals
underwent a one-week acclimatization period and
were familiarized with the test equipment and
procedures. All tests were conducted between 8:00
to 14:00.

Migraine model.

To induce and chronicize migraine, five
intraperitoneal injections of nitroglycerin at a dose
of 10 mg/kg were administered every other day for
ten days, using an insulin syringe with a 30G needle.
Animals in the control group received injections of
0.9% saline solution in the same volume The injected
volume was determined by measuring the weight
of the animals on the day of the study. Following
injection, animals were placed in recovery cages
and observed for several minutes.

Rat grimace scale.

The rat grimace scale was employed to quantify
pain. Photographs were manually taken 30 minutes
after each of the five injections. Evaluation was
based on the image that best depicted orbital
tightening, based on a 3-point scale (0 — no change,
1 — moderate change, 2 — obvious change). Two
independent investigators, unaware of the groups,
performed these evaluations.

Methods of statistical processing of data.

Data were statistically analyzed using GraphPad
Prism version 10.0.3 and SPSS 29.0 software.
Results are presented as mean values (MEAN)
with standard error (SEM). Two-way ANOVA was
employed to determine the statistical significance of
the behavioural results, with significance defined as
P<0.05.

Results and Discussion

Image collection

A total of 60 images (see Figure 4A), gathered
from 12 rats on each of the 5 days during the
induction of migraine episodes, were selected for
analysis. The scores were averaged across the two
raters to derive an overall pain score for each rat.

Reliability assessment

Reliability varied based on the action unit being
rated. The overall inter-rater reliability, as measured
by was Cronbach’s alpha, was 0.89 (see Figure 3B).
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Grimace scores and stability

Grimace scores were consistently higher in the
NTG group, remaining relatively stable over the
course of the 5 test sessions when compared to the
control group (refer to Figure 3C).

ANOVA results

A two-way ANOVA conducted on this dataset
revealed substantial main effects for Treatment
[F(1,10) = 63.00, p < 0.0001] and the Treatment
x Test Session interaction [F(4,40) = 2.755, p =
0.0409]. However, the Test Session [F(2.970,29.70)
=2.741, p = 0.0613] did not reach significance.

In the context of migraine research, the RGS
proves to be a valuable tool for evaluating pain
in various pain models, demonstrating consistent
patterns in response to nitroglycerin across multiple
migraine episodes. Among the four functional
units comprising the Rat Grimace Scale, orbital
tightening emerges as the most observable and
quantifiable in this rodent migraine model. The data
reveal the highest inter-rater agreement in assessing
orbital tightening. According to the Harris et al
[49], orbital tightening may represent a behavioral
manifestation of acute hyperalgesia related to

( A) 1 injection 2 injection
2
S
2
g
O
o
£
5
=
(B) Cronbach a
RGS overall 0,893
Orbital tightening 0,965
Nose or cheek 0,693
flattening
Ear position 0,790
Whisker change 0,690

3 injection

migraine photosensitivity. On the other hand,
Yamamoto et al. study in 2016 [50] offers evidence
supporting the idea that nausea can influence the eye
action unit.

However, there are several critical aspects
surrounding the application of grimace scales in
rats that should be considered. Notably, in both the
original study and subsequent investigations, no sex
differences were identified in grimace responses
among rats. However, a notable observation is that
the majority of grimace studies in rats appear to
have been conducted in a singular sex, signifying
a potential gap in our understanding of sex-specific
responses. Furthermore, external environmental
factors, such as the presence of observers, have been
shown to influence grimace responses in rodents.
The study by Sorge ef al. suggests that the gender
of the observer can affect grimace scores, with
significant decreases recorded in the presence of
male observers, indicating a potential physiological
stress response [51]. This finding prompts questions
about the potential confounding effects of external
stimuli on grimace scales and underscores the
necessity for careful consideration of environmental
factors in experimental design.

5 injection

4 injection
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Figure 4 — (A) Representative images used to evaluate the RGS, (B) Internal consistency
of scoring (Cronbach a)) among 2 blinded raters, (C) RGS across 5 test sessions. Values represent mean+SEM.
*Indicates p<0.05, ** indicates p<0.01, **** indicates p<0.0001. Sample size was n=6 per group.
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While grimace scales offer valuable insights into
pain assessment in rats, the discussion underscores
the need for a comprehensive exploration of factors
influencing grimace responses, including sex
differences and external environmental stimuli.

Conclusion

In conclusion, the field of rat grimace scale in
biomedical research holds immense promise, with
the potential to transform both preclinical pain
research and veterinary pain management. Despite
a decade of investigation, widespread adoption has
been hindered by labor-intensive methodologies
involving manual image extraction and scoring.
However, recent advancements, particularly the
integration of Artificial Intelligence (Al) and object
recognition technologies, offer exciting possibilities
for automation and efficiency.

The future trajectory of grimace scales is poised
to benefit significantly from Al, streamlining
tasks such as image selection, parameter
randomization, data reassembly, and statistical

processing. Al systems have the potential to
excel in key areas, including selecting optimal
photographs, standardizing images, and conducting
measurements. This technological evolution not
only enhances efficiency but also opens avenues
for large-scale implementation, addressing practical
challenges associated with dealing with substantial
numbers of animals.

Furthermore, the success demonstrated in mice,
as evidenced by Tuttle et al. [52] convolutional
neural network achieving a remarkable accuracy
of approximately 93%, underscores the viability
and reliability of machine learning and Al in
grimace recognition. As these technologies
mature, they hold the promise of making rat
grimace scale scoring a routine outcome measure
through facility-automated systems, addressing
public concerns about ethical decision-making in
biomedical research. The integration of Al is not
just a technological advancement but a pivotal step
toward unlocking the full transformative potential
of grimace scales in advancing pain research and
management.
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