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Abstract
The Mouse Grimace Scale (MGS) is an established method for estimating pain in mice during animal studies.
Recently, an improved and standardized MGS set-up and an algorithm for automated and blinded output of
images for MGS evaluation were introduced. The present study evaluated the application of this standardized
set-up and the robustness of the associated algorithm at four facilities in different locations and as part of
varied experimental projects. Experiments using the MGS performed at four facilities (F1–F4) were included in
the study; 200 pictures per facility (100 pictures each rated as positive and negative by the algorithm) were
evaluated by three raters for image quality and reliability of the algorithm. In three of the four facilities,
sufficient image quality and consistency were demonstrated. Intraclass correlation coefficient, calculated
to demonstrate the correlation among raters at the three facilities (F1–F3), showed excellent correlation.
The specificity and sensitivity of the results obtained by different raters and the algorithm were analysed using
Fisher’s exact test (p< 0.05). The analysis indicated a sensitivity of 77% and a specificity of 64%. The results of
our study showed that the algorithm demonstrated robust performance at facilities in different locations in
accordance with the strict application of our MGS setup.
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Based on the developments in experimental animal
research and implementation of the European Union
Directive (2010/63 EU)1 on the protection of animals
used for scientific purposes, ensuring the highest pos-
sible level of animal well-being has become a major
priority in animal studies. Article 15 of this directive
mandates a severity assessment of each procedure in
an animal study.1 Based on this requirement, methods
of evaluating any changes in animal well-being and
estimating potential suffering are necessary.

Because most rodent species used in animal research
are flight and prey animals,2,3 these animals avoid
overtly exhibiting signs or vocalizing their pain.4 Due
to this lack of self-indication of pain severity by the
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animals,4 objective criteria must be implemented to
assess pain severity.

Researchers have employed various methods for this
purpose, including clinical examinations and scoring
sheets,5 specific stress parameter evaluations and
behavioural tests.6–8

The Mouse Grimace Scale (MGS), a noninvasive
method of visually recognizing pain on the basis of
facial expressions of mice,9 has become an established
method for identifying acute pain in mice and has been
repeatedly used in animal experiments.3,10,11 In the ori-
ginal publication of Langford et al.,9 the MGS pictures
for analysis were cropped from pre-recorded videos,
selected and then scored manually.

In a recent study, our group could improve the
MGS set-up by video recording up to four animals sim-
ultaneously. Additionally, a tool for automated image
selection for blinded MGS analysis was introduced
(Ernst et al.,).12 Automation and standardization of
technical processes is necessary to minimize subjective
influences and avoid selection and performance biases.
The aim of the present study was to investigate the
application of the modified and improved MGS set-
up and the robustness of the automated process in a
multi-laboratory analysis. The application and con-
formity of the set-up and image selection tool were
also assessed.

Materials and methods

Study design

To confirm the applicability of the improved MGS
set-up and automated image selection tool (Ernst
et al., under review), animal research studies at four
experimental facilities (F1–F4) at different locations
employed this approach. Most of the studies were
part of assessments that evaluated the severity of pro-
cedures using animals for scientific purposes. The
recently introduced modified MGS set-up was analo-
gously implemented in all the studies.

At F1, the MGS set-up was implemented in a refine-
ment study on the possible benefits of infiltration with
local anaesthetics (lidocaine–bupivacaine) in combin-
ation with systemic paracetamol administration via
drinking water compared with systemic analgesia only
after surgery. Male and female C57Bl/6J mice were sub-
jected to a minor laparotomy and treated with a com-
bination of local and systemic analgesia, local or
systemic analgesia alone, or anaesthesia and systemic
analgesia only. Among other behavioural tests, the
MGS was used to assess changes in animal well-being
and potential pain severity. Baseline measurements were
taken at the same time points during the day as post-
operative measurements: 1, 6 and 24h after surgery.

At F2, a project on pain severity assessment after
inducing liver fibrosis was conducted. Fibrosis was
induced using CCl4 dissolved in germ oil. Male
C57Bl/6N mice were intraperitoneally injected (50 ml)
either with 0.6ml/kg CCl4 in mixed germ oil or germ
oil only (control) three times per week for 4 weeks.
MGS scoring was performed 1 h before and after injec-
tions. Baseline measurements were taken before start-
ing the induction of liver fibrosis.

At F3, a project on the effects of intraperitoneal trans-
mitter implantation or a corresponding SHAM oper-
ation on different clinical and behavioural parameters
in female C57Bl/6J mice was conducted. To differentiate
between the effects of the surgical procedure itself and
the transmitter, SHAM-operated mice were monitored
as a control group. MGS scoring was performed at 30
and 180 mins after surgery on the same day and on days
1, 2, 3, 5 and 7.

At F4, male and female mice, wild-types for A1783V
mutation and with or without the presence of Cre were
used for animal experiments.13 All mice underwent sur-
gery during which a telemetry device (HD-X02, DSI, St
Paul, USA) was subcutaneously implanted and an elec-
trode was implanted into the hippocampus. The elec-
trode leads were fixed with three screws in the skull and
covered with paladur (Heraeus�, Hanau, Germany).
Baseline measurements were taken 1 day prior to sur-
gery after a habituation phase of 10 mins. Video record-
ings were taken 1 h prior to surgery and at 1, 3, 6, 25
and 49 h following gain of consciousness after surgery.

All the studies were conducted in accordance with
the legal requirements, and anaesthesia and analgesia
interventions were obtained if appropriate. Human
endpoint protocols were applied for all the studies.
Additional details concerning procedures or surgeries
can be found in the supplementary material.

Ethical statement

MGS evaluations were a preliminary part of the experi-
ments. According to the 3R principles,14 no additional
animals were used to perform this study. All the studies
were conducted in accordance with EU Directive (2010/
63 EU) and the legal provisions of German Animal
Welfare Act (TierSchG).15

Cantonal Veterinary Office, Zurich, Switzerland,
approved the animal housing and experimental proced-
ures for the project at F1 under licence number
097/2017. For the project at F2, the permission licence
was granted by Governmental Animal Care and
Use Committee (Landesamt für Natur, Umwelt
und Verbraucherschutz, LANUV AZ: 84-02.04.2014.
A417, North Rhine Westphalia, Germany). All
experiments performed at F3 were approved by
Niedersächsisches Landesamt für Landwirtschaft und
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Lebensmittelsicherheit (LAVES) under licence number
15/1905. For the project at F4, all investigations were
approved by the Government of Upper Bavaria (license
number 55.2-1-54-2532-168-2016).

Animals

Two facilities (F1 and F3) used C57Bl/6J mice, one facil-
ity (F1) used C57Bl6/N mice, and one facility (F4) used
transgenic mice with a C57Bl6 background selected
according to the researchers’ interest in their main
study. The choice of sex, age and strain was independ-
ently made and was a nonexclusive part of the present
study. Only a black coat colour and the presence of adult
animals were indicated as relevant to the present study.
Additional information concerning housing and hus-
bandry conditions according to the ARRIVE guide-
lines16 can be found in the supplementary material.

MGS set-up

With the modified and improved MGS video recording
set-up, four animals could be simultaneously filmed
under standardized conditions. To maximize the qual-
ity of MGS pictures, four equally sized MGS boxes
(9 cm� 5 cm� 5 cm), which were placed in an observa-
tion rack located within a light tent, were illuminated
from the side, bottom and front. Additional air holes
were drilled into the front as well as into the lid of the
boxes to reduce fogging. At F1, the recording time was
set at approximately 5 mins, and at F2, F3 and F4, the
recording time was set at 10 mins.

For automated analysis, box positions in the videos
were manually defined and 300 images from each box
were automatically extracted. Subsequently, the algo-
rithm analysed the extracted box images using a fully
convolutional architecture17 to detect the position and
size of the animals’ eyes. Eye areas in the images were
automatically measured, and all the images in which
the largest visible eye had an area of at least 100
pixels were considered suitable for MGS scoring
(image size: approximately 500� 500 pixels). Among
these images, 10 images per animal were randomly
selected by the algorithm for further manual scoring.
For this purpose, we developed a tool that displays the
images of all trials and animals in a randomized and
blinded manner to minimize bias.

Evaluation process

At each facility, 100 images each rated as positive
or negative by the algorithm were selected for image
quality evaluation; therefore, a total of 200 images
per facility were evaluated. Images rated as positive
were suitable for MGS scoring, whereas those rated

as negative could not be used. Evaluation of image
quality was performed by three raters at three facilities.
All the raters had comparable experience in the per-
formance and assessment of MGS images. The criteria
for fulfilling individual evaluation points were discussed
with all the participants in advance.

For manual selection, a maximum score of 54 points
could be achieved by fulfilling all positive criteria. Six
evaluation criteria (mouse in profile, eyes recognizable,
ears recognizable, nose recognizable, mouse in steady
position and general image quality) were assessed and
assigned a maximum of nine points per criterion. The
quality gradations for fulfilment within the evaluation
criteria were as follows: 1–3¼ poor, 4–6¼moderate,
and 7–9¼ excellent. Images rejected due to non-fulfil-
ment of even any one criterion were given a score of �1.
As a cut-off value, images with a score of �30, that is
55% of the maximum score, or a score of �1 for any
evaluation criterion were rated as negative. In this
study, the focus of the algorithm was mainly on the
detection of the eye.

Statistical analysis

GraphPad Prism (GraphPad Prism, Version 7, La Jolla
California USA, www.graphpad.com) and R software
(version 3.4.1)18 were used for data analysis. Intraclass
correlation coefficient (ICC), which is an estimate of
inter-rater reliability, was calculated using the ICC
function from the interrater reliability (irr) library18

using a two-way ANOVA to assess agreement.
Fisher’s exact test was used to analyse specificity and
sensitivity. To identify reasons for false positive assign-
ments by the algorithm, data were analysed using one-
way ANOVA and Tukey’s multiple comparison test.
The data were considered statistically significant at
p< 0.05.

Results

The number of scorable images at the facilities and their
distribution are presented in Figure 1. For each facility,
100 positive and negative images each were selected by
the algorithm and evaluated by raters for image quality.
Examples of such images from each facility are shown in
Figure 1. Regarding facility and location: at F1, an aver-
age of 97 images (standard deviation (SD)¼ 17.08, n¼ 3,
n corresponds to the number of raters (one rater per
facility)) were suitable for MGS evaluation; at F2, an
average of 86.25 images (SD¼ 9.52, n¼ 3) were suitable;
and at F3, an average of 96 images (SD¼ 27.67, n¼ 3)
were suitable. Because of deviations in performance
from the initial set-up protocol in terms of colour and
illumination, videos from F4 could not be included for
image-quality evaluation.
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ICC, which was calculated to demonstrate the cor-
relation between raters at the three facilities (F1–F3)
showed an excellent correlation (Table 1);19 however,
no significant differences were detected in their correl-
ation coefficients. The results obtained by different
raters and the algorithm, as analysed using Fisher’s
exact test (p< 0.05), indicated a sensitivity of 77%
and a specificity of 64% (Table 2).

Among the 600 rated images, an average of 88.67
(SD¼ 30.16) images assessed by the algorithm were

Figure 1. Examples of images of all facilities: F1, top left; F2, top right; F3, bottom left; and F4, bottom right. The number
of scorable images between the facilities is presented. The data distribution within the different facilities shows a bimodal
distribution. The cut-off value is indicated by a dashed line. The data distribution for F4 cannot be displayed because of
differences in colour, brightness and the presence of a head implant, given that the algorithm could not generate adequate
images without further adjustment.

Table 1. Results of the analysis of intraclass correlation coefficient (ICC) values and their 95% confidence intervals as
determined using a two-way ANOVA. r0 is a specification of the null hypothesis (H1: r¼ r0). H1: r> r0 denotes that a one-
sided F-test was performed.

Models: 2-Way Fl v. F2 Fl v. F3 F2 v. F3 Fl v. F3

Typ:Agreement

Subjects 600 600 600 600

Raters 2 2 2 2

ICC (2) 0.95 [0.94, 0.96] 0.91 [0.89,0.92] 0.95 [0.94,0.96] 0.966 [0.95,0.96]

F-test, HO: r0¼ 0;
H1: r0> 0

F (599, 600)¼ 19.2 F (599, 600)¼ 10.7 F (599, 600)¼ 19.1 F (599, 1200)¼ 22.5

p value <0.05 <0.05 <0.05 <0.05

95% confidence interval
for ICC Population Values

0.939< ICC< 0.956 0.89< ICC< 0.92 0.939< ICC< 0.955 0.949< ICC< 0.961

Table 2. Specificity and sensitivity of the algorithm.

Effect size Value
95% confidence
interval

Sensitivity 0.7774 0.7245–0.8226

Specificity 0.6425 0.5944–0.6879

Positive predictive value 0.5983 0.5466–0.6479

Negative predictive value 0.8082 0.7613–0.8477
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evaluated as false positives compared with those
assessed by the raters. A total of 44 similar images
were rated as false positives by the raters compared
with the algorithm. For images evaluated as false posi-
tives by the algorithm depending on the different evalu-
ation criteria, the number of rejected images is
presented in Figure 2. The results showed significant
differences according to the ‘nose recognizable’ and
‘mouse in steady position’ criteria.

Discussion

The present study evaluated the applicability and
robustness of the modified MGS set-up and the algo-
rithm for image selection. Figure 1 shows that the stan-
dardized set-up is applicable and reproducible and that
a sufficient number of images were deemed suitable for
analysis at three facilities in different locations.
Reproducibility is an important attribute in the per-
formance of animal experiments.20 Vasilevsky et al.
have demonstrated that the applicability of scientific
methods is dependent on the ability of reproducing
other studies and building on previous work, and they
noted that a lack in the provision of methodological
details considerably reduces this reproducibility.21

This conclusion is supported by the findings of our
study such that deviations from the standardized proto-
col (e.g. colour and illumination level) at one facility
rendered it impossible for the algorithm to evaluate
images without adapting the algorithm to this particu-
lar set-up.

Miller and Leach describe in their study deviations
in MGS values between different mouse strains and
sexes.22 In order to investigate the selection criteria
for MGS images, we have deliberately included animals

of different breeds that have a C57Bl/6 background and
represent both sexes. In the selection of the pictures, we
could not detect any signs for gender-specific selection
criteria for MGS. The application of the algorithm
shows, in principle, a positive result rate, with a sensi-
tivity of 77% and specificity of 64%. The reduction in
false positives supports the use of this algorithm. With
regard to specificity, the ‘nose recognizable’ and ‘mouse
in steady position’ criteria are decisive for the selection
of false positive results (Figure 2). Recognition of the
‘nose recognizable’ criterion appears to result in a
reduced reliability. This has also been reported by
other studies and may not be algorithm-dependent
alone.23

Conclusion

The present study demonstrated the applicability of
the improved MGS set-up and the functionality of the
associated algorithm at three facilities in different loca-
tions. Limitations in the specificity of the algorithm,
especially because of the lack of detection of moving
animals, are currently being adjusted by improving the
algorithm, and this should result in a reduction in the
number of images rated as false positives in future stu-
dies (Kopaczka et al.,24 submitted to the 2019 Annual
International Conference of EMBC)
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Résumé

L’échelle de la grimace de la souris (MSG) est une méthode reconnue pour évaluer la douleur chez des souris
pendant les études animales. Récemment, une configuration améliorée et normalisée et un algorithme
d’automatisation ainsi que la production d’images en aveugle ont été introduits pour l’évaluation sur l’échelle
MSG. La présente étude a évalué l’applicabilité de cette configuration standardisée et la robustesse de
l’algorithme associé dans quatre installations de différents endroits et dans le cadre de divers projets
expérimentaux. Des expériences utilisant l’échelle MGS effectuées dans quatre installations (F1–F4) ont
été comprises dans l’étude ; 200 photos par établissement (100 photos chacun, définies comme positives
et négatives par l’algorithme) ont été évaluées par trois évaluateurs en ce qui concerne la qualité de l’image
et la fiabilité de l’algorithme. Dans trois des quatre installations, la qualité des images et la cohérence ont été
démontrées. Le coefficient de corrélation intraclasse, calculé pour démontrer la corrélation entre les éva-
luateurs dans les trois installations (F1–F3), a montré une excellente corrélation. La spécificité et la sensi-
bilité des résultats obtenus par différents évaluateurs et l’algorithme ont été analysées en utilisant le test
exact de Fisher (p< 0,05). L’analyse a révélé une sensibilité de 77% et une spécificité de 64%. Les résultats de
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notre étude ont montré que l’algorithme a démontré de solides performances dans des installations d’end-
roits différents conformément à l’application stricte de notre configuration MGS.

Abstract

Die Mouse Grimace Scale (MGS) ist eine etablierte Tierversuchs-Methode zur Schmerzbeurteilung bei
Mäusen. Kürzlich wurden ein verbesserter und standardisierter MGS-Aufbau und ein Algorithmus zur auto-
matisierten und verblindeten Erzeugung von Bildern für die MGS-Auswertung eingeführt. Die vorliegende
Studie bewertete die Anwendbarkeit dieses standardisierten Aufbaus und die Robustheit des zugehörigen
Algorithmus in vier Einrichtungen an verschiedenen Standorten und im Rahmen verschiedener
Versuchsprojekte. Experimente mit dem in vier Einrichtungen (F1–F4) durchgeführten MGS wurden in die
Studie einbezogen; 200 Bilder pro Einrichtung (je 100 Bilder, die vom Algorithmus als positiv und negativ
bewertet wurden) wurden von drei Bewertern hinsichtlich Bildqualität und Zuverlässigkeit des Algorithmus
bewertet. In drei der vier Einrichtungen wurde eine ausreichende Bildqualität und Konsistenz nachgewiesen.
Der Intraklassen-Korrelationskoeffizient, der berechnet wurde, um die Korrelation zwischen den Bewertern
in den drei Einrichtungen (F1–F3) zu zeigen, ergab eine ausgezeichnete Korrelation. Die Spezifität und
Sensitivität der Ergebnisse, die von verschiedenen Bewertern und dem Algorithmus erhalten wurden,
wurden mit dem exakten Test nach Fisher (p< 0,05) analysiert. Die Analyse ergab eine Sensitivität von
77% und eine Spezifität von 64%. Die Ergebnisse unserer Studie belegen, dass der Algorithmus eine robuste
Leistung in Einrichtungen an verschiedenen Standorten bei konsequenter Anwendung unseres MGS-Aufbaus
demonstrierte.

Resumen

La Escala de Mueca de Ratones (MGS) es un método establecido para estimar el dolor de ratones durante
estudios con animales. Recientemente, se introdujo un marco MGS estandarizado y mejorado y un algoritmo
para la producción de imágenes automática y ciega para una evaluación MGS. El presente estudio evaluó la
aplicabilidad de este marco estandarizado y la solidez del algoritmo relacionado en cuatro instalaciones de
distintas ubicaciones y como parte de varios proyectos experimentales. Los experimentos que usaron la MGS
y que se realizaron en nuestras instalaciones (F1–F4) fueron incluidos en el estudio; 200 fotos por instalación
(100 fotos, cada una calificada como positiva o negativa por el algoritmo) fueron evaluadas por tres califica-
dores según la calidad de la imagen y la fiabilidad del algoritmo. En tres de las cuatro instalaciones, se
demostró una suficiente calidad de la imagen y consistencia. El coeficiente de correlación intraclase, calcu-
lado para demostrar la correlación entre calificadores en las tres instalaciones (F1–F3), mostró una excelente
correlación. La especificidad y sensibilidad de los resultados obtenidos por distintos calificadores y el algor-
itmo fueron analizados usando la prueba exacta Fisher (p< 0,05).El análisis indicó una sensibilidad del 77% y
una especificidad del 64%.Los resultados de nuestro estudio demostraron que el algoritmo obtuvo un rendi-
miento sólido en las instalaciones de distintas ubicaciones según la estricta aplicación de nuestro
marco MGS.
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