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What we will cover

● The 3Rs and refinement

● Why does refinement matter?

● The process of refinement

● Examples of good practice

● Useful resources



The 3Rs

Replacement: Methods which avoid or replace animal use

Reduction: Ensuring that the minimum number of animals 
is used to answer the scientific question

Refinement: Any measure that will reduce animal pain, 
suffering or distress, or improve welfare



The ‘R’ of refinement

Less invasive procedures

Appropriate pain relief

Improved housing and care

Better welfare assessment

Appropriate humane endpoints

Negative

Positive

Neutral



Why refine?



Why refine?

Ethics

“The question is not, ‘Can they reason?’ 
nor, ‘Can they talk?’ but, Can they 

suffer?”

Jeremy Bentham, 1789

“Create all the happiness you are able to create; 
remove all the misery you are able to remove”



Why refine?

Ethics Legal/ 
regulatory



Standards and guidelines

‘In addition to reduction 
techniques, refinement must also 
be considered to minimize pain 

and distress and provide positive 
experiences to enhance animal 
welfare throughout the animals’ 

lifetime.’



Why refine?

Ethics Legal/ 
regulatory

Public 
opinion

Scientific 
outcomes



‘Stressed animals do not make good research subjects’
American Medical Association

Better welfare = better science



Image source: humane-endpoints.info

Stress in rodents affects…
Severity of 

disease model

Morbidity

Mortality

Response to 
treatments

Immune 
response

Pain response…
Thermoregulation



Reproducibility

● The results of many scientific studies are 
difficult or impossible to replicate or 
reproduce on subsequent investigation  - 
either by independent researchers or by the 
original researchers themselves.

● According to a 2016 poll of 1,500 scientists 
reported in the journal Nature:

○ 70% had failed to reproduce at least one 
other scientist's experiment

○ 52% agreed that there is a reproducibility 
crisis in science



Risks of poor quality science

● More data variability

● More animals needed

● Resources wasted

● Poor translational value

● Safety tests could be flawed

● Treatments could be delayed for patient 
groups…



Why refine?

‘it is widely recognised that the 
humanest possible treatment of 
experimental animals, far from 
being an obstacle, is actually a 
prerequisite for successful animal 
experiments’

Russell and Burch, 1959



Science Museum, UK, c. 1961-1970 NC3Rs, UK

RISE, Sweden



How do we approach 
refinement?



Source: UAR

https://www.understandinganimalresearch.org.uk/resources/image-library/piebald-rabbit-in-technician-arms


Important considerations about refinement

● Not just a ‘one-off’ at the project planning 
stage

● Not just a matter of following in-house 
refinement protocols

● Not just a matter of copying ‘standard’ 
welfare indicators, e.g. piloerection



1. What is ‘normal’?

2. Identify potential sources of suffering

3. Identify ways to reduce or avoid suffering

4. Be able to assess welfare

Four key steps
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What is ‘normal’?
● Appearance/external anatomy

○ E.g. Coat, eyes, ears
○ E.g. Body condition

● Posture and gait
○ E.g. Ear position

● Behaviour
○ E.g. Activity, resting, feeding, drinking, 

social interactions

● Physiology
○ E.g. Heart rate
○ E.g. Body temperature



What is ‘normal’?
● Appearance/external anatomy

○ E.g. Coat, eyes, ears, fins
○ E.g. Body condition

● Posture and gait
○ E.g. Ear position, swimming patterns

● Behaviour
○ E.g. Activity, resting, feeding, drinking, 

social interactions

● Physiology
○ E.g. Heart rate
○ E.g. Body temperature
○ E.g. Opercular beat rate



What is normal?

● Can also vary depending on strain, age, sex…

Suzuki et al, 2002

https://www.nature.com/articles/ng835z


Challenging assumptions

● ‘Animals are adapted to 
life in the laboratory, so it 
meets their needs’

● ‘Plenty is known about 
their behaviour and 
welfare needs’

www.youtube.com/watch?v=giu5WjUt2GA

https://www.youtube.com/watch?v=giu5WjUt2GA
https://www.youtube.com/watch?v=giu5WjUt2GA


1. What is ‘normal’?

2. Identify potential sources of suffering

3. Identify ways to reduce or avoid suffering

4. Be able to assess welfare

Four key steps



Distress and pain

Housing and 
husbandry procedures

Scientific procedures:
direct or contingent 
effects

distress pain



Lifetime experiences

Pre-experimental life Animals ‘on study’ Post-experimental 
experience



Sources of 
suffering

focusonseveresuffering.co.uk/lifetime-experiences/

https://focusonseveresuffering.co.uk/lifetime-experiences/


Thinking from the animal’s perspective
Nocturnal and 

crepuscular

Naturally fearful 
of humans

Sensitive to 
ultrasound

Omnivorous

Highly 
dependent on 

smell

Motivated to dig



Thinking from the animal’s perspective



Cumulative effects
Se

ve
rit

y

Time

The animal has become 
sensitised to the procedure and 
has not had enough time to 
recover between procedures 2 
and 3

Procedure

Procedure
Procedure



“Even good laboratory conditions of 
housing and husbandry will compromise the animal’s well-being to some 

degree...”

UK Home Office 2015



Life in the lab is inherently stressful

Some ‘standard’ cages “provide mice 
and rats with a place to sleep but 
nothing really to do”

Rodents in standard cages experience:
● higher severity for cancer, 

cardiovascular disease, stroke, 
anxiety… 

● 50% higher chance of dying
● median lifespan reduced by 9%

https://bmcbiol.biomedcentral.com/articles/10.1186/s12915-021-01184-0
https://www.sciencedirect.com/science/article/pii/S0168159124002090


1. What is ‘normal’?

2. Identify potential sources of suffering

3. Identify ways to reduce or avoid suffering

4. Be able to assess welfare

Four key steps



Aggregation of marginal gains

If you improve every area 
by even just 1%, those 
small gains can add up to 
remarkable improvement!



Breeding

● Potential sources of stress:
○ Being paired with an unfamiliar animal
○ Separation of dams and litter
○ Disturbance during cage change



Breeding

● Consider appropriate social 
groupings

○ E.g. Breeding rats should be 
housed in stable pairs or trios, 
breeding female rabbits can be 
housed in groups with a male

● Review cage cleaning frequency
○ Rats – disturbance before pups are 

2 days old can lead to cannibalism
○ Mice – pup mortality may be 

greater when cleaned out weekly 
compared with every 2 weeks

● Limit parental stress…

https://www.sciencedirect.com/science/article/abs/pii/S0168159108000464?via%3Dihub
https://journals.sagepub.com/doi/10.1258/0023677011911381


Transport

● Many institutions now send fresh or frozen 
embryos (e.g. mice), sperm (e.g. xenopus), 
eggs or early larvae (e.g. zebrafish) – avoids 
welfare problems associated with transport

● Consider acclimation periods
○ E.g. Rats transported by van for 5 hrs took 3 

days for their heart rate, body temperature 
and activity patterns to return to normal 



Marking for identification

● Potential source of stress:
○ Capture and restraint
○ Pain from invasive techniques

https://www.mdpi.com/2076-2615/13/22/3452
https://www.mdpi.com/2076-2615/11/6/1664


Genotyping

● Potential sources of stress
○ Capture and restraint
○ Pain from invasive techniques
○ Discomfort and stress from swabs



Genotyping

● Even at 2 weeks, there is some formation of 
bone within 1-2mm of tail tip of a mouse pup

○ Ear notching is considered more refined

● Take minimum amount of tissue
● Use local anaesthesia/topical analgesia
● Consider non-invasive approaches

○ E.g. swabbing, faecal pellets

1mm

1 Coccygeal Vertebra

Tendon



Genotyping

● Skin swabbing is a refined technique 
for genotyping zebrafish

https://nc3rs.org.uk/skin-swabbing-dna-sampling-zebrafish


Housing

● Potential sources of stress
○ Insufficient space
○ Lack of stimulation
○ Lack of control and choice
○ Environmental factors (noise, humidity, 

temperature, lighting, etc)
○ Inappropriate/unstable social groupings…



Housing - temperature

● Most facilities house mice at 20-24°C 
– up to 10°C lower than they prefer, 
and outside thermoneutral zone 
(29-34°C)

● Mice show increased aggression as 
temperatures increase from 20 to 25°C

● Provide all mice with 8-10g  each of 
nesting material to allow them to 
control their microenvironment

https://pmc.ncbi.nlm.nih.gov/articles/PMC3838608/#sec13


Housing - space

● Rearing is an important exploratory 
behaviour for many rodents – adult 
rats can rear up to 30 cm

● Recommended minimum cage height 
for rats in ‘the Guide for the Care and 
Use of Laboratory Animals (8th Ed) is 
17.8 cm

https://royalsocietypublishing.org/doi/full/10.1098/rsos.160136


Housing



Housing - enrichment

https://www.mdpi.com/2076-2615/12/4/414


Housing - enrichment

https://www.sciencedirect.com/science/article/pii/S0168159124002090


nc3rs.org.uk/3rs-resources/evaluating-environmental-enrichment

https://nc3rs.org.uk/3rs-resources/evaluating-environmental-enrichment


https://www.3hs-initiative.co.uk/




https://journals.sagepub.com/doi/full/10.1177/00236772211065920#fig1-00236772211065920


Housing

Photo: Anna Ratuski

Setting up a playpen:
https://nc3rs.org.uk/3rs-resources/rat-playpens

https://nc3rs.org.uk/3rs-resources/rat-playpens


Handling



Handling



Handling

https://nc3rs.org.uk/3rs-resource-library/mouse-handling
https://3rc.org/refined-mouse-handling/


https://www.3hs-initiative.co.uk/the-3hs/handling


Restraint



Habituation

https://www.3hs-initiative.co.uk/the-3hs/habituation


Positive reinforcement training

● Training animals with rewards to 
encourage desired behaviours

● E.g. climbing on scales for  weighing, 
moving into equipment to be transported, 
voluntary oral dosing, sample collection…

● Can be used in a range of species



Scientific procedures
● Route and site of injections
● Properties of the substance (e.g. temperature, sterility, 

toxicity, irritancy, concentration)

● Dose volume, timing and frequency
● Aseptic surgical technique
● Appropriate use of anaesthesia/analgesia
● Effective welfare assessment
● Nutritional support (e.g. wet mash, jelly)

● Additional nesting material
● Early humane endpoints
● Humane killing



More ideas…

focusonseveresuffering.co.uk/lifetime-experiences/

https://focusonseveresuffering.co.uk/lifetime-experiences/
https://focusonseveresuffering.co.uk/lifetime-experiences/


1. What is ‘normal’?

2. Identify potential sources of suffering

3. Identify ways to reduce or avoid suffering

4. Be able to assess welfare

Four key steps



Welfare assessment

● Monitoring animals for signs of pain, 
suffering and distress associated with 
procedures and their effects

● Day-to-day assessment of all animals to 
see how they’re coping with their 
environment and to detect health and 
welfare issues



Thorough review of the animal’s 
lifetime experiences, identifying 

every source of potential suffering 
and implementing refinement for 

each one

An effective welfare assessment 
system for observing animals, 

recognising and assessing indicators 
of suffering, recording and reviewing 

observations



Detecting distress

● This can be really difficult!

● Some species may conceal 
signs of pain or distress

● Many animals will alter their 
behaviour when being observed

● We might be focussing on the 
wrong things



Detecting distress

● This can be really difficult!

● Some species may conceal 
signs of pain or distress

● Many animals will alter their 
behaviour when being observed

● We might be focussing on the 
wrong things

https://brill.com/view/journals/jaae/2/2/article-p216_6.xml?ebody=pdf-130820
https://www.cambridge.org/core/journals/animal-welfare/article/abs/intank-underwater-cameras-can-refine-monitoring-of-laboratory-fish/170F00394BBB42FD0BD7BA220812DBD0


Detecting distress

● This can be really difficult!

● Some species may conceal 
signs of pain or distress

● Many animals will alter their 
behaviour when being observed

● We might be focussing on the 
wrong things

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0013347


Welfare assessment

https://op.europa.eu/en/publication-detail/-/publication/fe448d22-282f-11e9-8d04-01aa75ed71a1/language-en


Grimace scales



Body condition scoring



Nest building

https://pmc.ncbi.nlm.nih.gov/articles/PMC4108067/


Score sheets

● Standardise and formalise welfare 
assessment

● Aid in record-keeping

● Should be tailored to research protocol 
and to animals to be scored

● Clear criteria for taking action



https://bmcvetres.biomedcentral.com/articles/10.1186/1746-6148-3-16
https://bmcvetres.biomedcentral.com/articles/10.1186/1746-6148-3-16


Humane Endpoints

humane-endpoints.info/

https://humane-endpoints.info/
https://humane-endpoints.info/


General tips for welfare assessment

● Tailored to species and procedure
● Ensure understanding of normal physiology and behaviour
● Add scientific parameters if appropriate
● Think about how indicators will be used in practice (don’t cut 

and paste!)
● Involve scientist, vets and technicians
● Ask IACUC for guidance
● Consider a ‘welfare pilot study’
● Include final welfare assessment protocol in publications



Resources



https://focusonseveresuffering.co.uk/refinement/


https://focusonseveresuffering.co.uk/roadmap/


focusonseveresuffering.co.uk/refinement/

https://focusonseveresuffering.co.uk/refinement/


focusonseveresuffering.co.uk/roadmap/

https://focusonseveresuffering.co.uk/roadmap/


focusonseveresuffering.co.uk/roadmap/

https://focusonseveresuffering.co.uk/roadmap/


norecopa.no/prepare

https://norecopa.no/prepare
https://norecopa.no/prepare


Science Museum, UK, c. 1961-1970 NC3Rs, UK

RISE, Sweden



Summary

● Think about how all the different events impact on the animals you are 
interacting with

● Never assume that current or established methods are the best, either for the 
science or the animal

● There is great potential to make an immediate difference as improvements 
can often be made quickly, easily and cheaply

● Refinement is a team effort between technicians, vets and scientists

● Animal welfare and science will both benefit

● There is always more we can do



Thank you


