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Specifically designed restraint chairs are the preferred method of restraint for research studies that require NHP to sit in
place for sustained periods of time. In light of increasing emphasis on refinement of restraint to improve animal wellbe-
ing, it is important to have a better understanding of this potentially stressful procedure. Although chair restraint is used
internationally, very little published information is available on this subject. We developed a survey to obtain an overview
of equipment, procedures, and plans for improvement regarding chair restraint. We received 101 responses from people
working in academic, government, contract research, and pharmaceutical laboratories within the Americas, Europe and Asia.
Findings indicate that the majority of laboratories using restraint chairs work with macaque species. Restraint chairs are
used for a wide range of procedures, including cognitive testing, recording neuronal activity, functional MRI, intravenous
infusion, and blood sampling. Approximately 2/3 of laboratories use an enclosed ‘box chair,” which the animal is trained to
enter and then to extend its head through an opening on the top of the chair; the remaining one third of laboratories use an
‘open chair’ design, in which manual handling or the pole-and-collar system is used to transfer and secure the animal into
the chair. Respondents reported that when selecting the type of chair to use, they considered comfort for the animal, ease
of use, and the ability to adjust fit between animals of different sizes. Various training methods and timeframes are used to
prepare macaques for restraint chair procedures. Several laboratories are incorporating greater use of positive reinforcement
training. The community that uses these restraint procedures needs to work together to define best practice; our survey results
can help in that effort.

Abbreviations: NC3Rs, National Centre for Replacement, Refinement, and Reduction of Animals in Research; NRT, negative
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reinforcement training; PRT, positive reinforcement training

The use of specifically designed restraint chairs is the most
common method of restraint for various research studies that
require conscious NHP to ‘sit’ in place for sustained periods of
time. For decades, restraint chairs have been used in the labora-
tory environment to facilitate studies that include electrophysi-
ology, eye tracking, neuroimaging, computer testing, dosing
and biologic sampling procedures.>!014222323 An important goal
for investigators using restraint is to train the NHP to exit the
home cage, enter the chair, accept restraint, and perform reli-
ably, in the shortest possible time and without undue stress.

All restraint chairs typically secure the animal at a “tether
point” (usually at the neck), but chairs vary in their design.
‘Open’ chair designs allow access to all of the animal’s body. The
NHP is fitted with a collar around the neck, to which a pole can
be attached and used to lead the animal to the chair, where the
collar is then secured into place on the chair, or the monkey may
be handled and manually placed into the chair. The open design
differs from ‘closed’ chair designs, in which the NHP is enclosed
in an acrylic box. The animal is trained to enter through a door
and to lift its head out of an opening on top of the box; the neck
is then secured by a yoke that is slid into place, preventing the
animal from pulling its head back into the box. The closed chair
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can be modified so that research staff can access arms, legs, and
other parts of the animal’s body for various procedures.

The methods used to transfer monkeys from their home en-
closure to the chair vary also. Anecdotally, some laboratories
use a single pole and one trainer, 2 poles and 2 trainers, a leash,
and so forth. In Europe, use of the pole-and-collar system is not
considered good practice and is not a recommended method
of restraint.” Some research groups use a combination of posi-
tive and negative reinforcement, but others emphasize positive
techniques and elicit voluntary cooperation from the animal.*
For a procedure that is used fairly commonly throughout the
NHP research community, there seems to be little discussion
about the differences in equipment and methodologies used to
prepare animals for research studies requiring chair restraint.

The Guide for the Care and Use of Laboratory Animals is the stan-
dard for animal care and use in the United States and many
other countries outside of Europe.’ The 2011 version of the
Guide has expanded the guidance regarding the use of animal
training in the context of restraint and specifically recommends
the use of positive reinforcement training (PRT) when animals
are placed in restraint devices, to help them adapt to the equip-
ment and personnel; this version of the Guide also makes other
recommendations to minimize the effect of restraint on animal
wellbeing (p 29).* With PRT, the animal receives rewards for
desired behavioral responses and is reinforced for cooperat-
ing with individual steps in the behavior sequence until the
end-goal behavior is reached; undesired behavior is usually
ignored. Similar recommendations are made in Appendix A to
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the European Convention for the Protection of Vertebrate Animals
Used for Experimental and Other Scientific Purposes ETS 123, which
states that NHP “dislike being handled and are stressed by it”
and that “training animals to cooperate should be encouraged,
as this will reduce the stress otherwise caused by handling.”*
Because neither set of guidelines provides detailed instruction
on animal training, it is important for staff involved in these
procedures to be familiar with any relevant literature that may
help guide them (for example, reference 24).

As more emphasis is placed on the links between good animal
management, welfare, and the quality of science derived from
laboratory animals, researchers are sharing new techniques in
scientific procedures and research methods.* The use of PRT
techniques in the overall management of NHP in the laboratory
environment seems to be increasing.? Training NHP to partici-
pate in various husbandry, veterinary, and research procedures
by using PRT has many benefits, including reduced animal dis-
tress,'” an increase in cooperation and flexibility with captive
management,®”* and reduced use of anesthetic agents;'>!**! all
of these advantages may ultimately contribute toward improv-
ing the quality of the science.

Publications that compare modern refinements with more
traditional methods used to prepare NHP for chair restraint
have increased. Anderson and Houghton first described the
pole-and-collar method used to transfer NHP from their home
enclosure to a restraint chair, and this report is still used and
cited in recent literature.! In this method, the animal is confined
to a small portion of its cage to attach the pole to its collar. If it
resists, it is held firmly with the pole until resistance stops. The
animal is then transferred to a restraint chair and secured in
place before being provided with a food reward. This method
relies primarily on force and aspects of negative reinforcement
training (NRT). With NRT, the removal of an aversive stimulus
immediately after a desired behavior increases the frequency
of the behavior occurring over time (for example, using a cage
‘squeeze back’ mechanism to move a NHP into position for a
procedure at the front of the cage and releasing the squeeze-
back as soon as the desired movement toward the cage front is
performed). NRT can be effective in achieving the desired be-
havior, but potentially at a cost to the animal’s wellbeing. Other
authors recently demonstrated the feasibility of training rhesus
macaques (Macaca mulatta) by using predominantly PRT to gain
cooperation with the pole-and-collar process, with fewer ele-
ments of negative reinforcement (that is, the cage squeeze-back
mechanism), thus refining traditional pole-and-collar methods.**

Other scientists have had success preparing animals for chair
restraint that were deemed untrainable for the pole and collar
process or suffered from a behavioral pathology. Cooperative
restraint training prepares rhesus macaques for restraint by us-
ing a closed chair.” The macaque is transferred to a box chair
and is trained to position its head through an opening on top
of the chair, by using combinations of PRT, desensitization, and
NRT. This method also proved useful for “challenging” animals
previously deemed unsuited to traditional restraint techniques.
These authors have built on this work by evaluating individual
differences in behavior, which are then used to structure indi-
vidual training programs to accommodate variation in animal
temperament.* Understanding how individual differences influ-
ence animal learning can be used by the trainer to set learning
expectations on an animal-by-animal basis. Other colleagues
developed a ‘smart chair” that responds to the NHP, training it
to enter the chair in the trainer’s absence.* This allowed the au-
thors to keep rhesus macaques within a research program that
might have otherwise been excluded due to their significant be-
havioral pathologies. The animals responded more positively to
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the initial stages of training with the automated training system
than they did with a human trainer and were able to achieve a
good training foundation.

Information regarding approaches used internationally for
preparing and training monkeys for chair restraint has not yet
been compiled nor have the perspectives of those doing this
work regarding the effectiveness and desirability of various
aspects of such training. Given the increasing emphasis on re-
finement of restraint procedures to improve animal wellbeing,
it is important to have a better understanding of this proce-
dure, which can be stressful for NHP.#151719.21.23.262739 Therefore,
we conducted a survey to document current practices and to
identify opportunities for refinement. Sharing this information
with the research community that uses chair restraint for NHP,
including investigators, research technicians, those who train
the NHP, animal welfare officers, and IACUC members, may be
helpful as they strive to improve animal wellbeing, no matter
where in the world they are working.

Materials and Methods

A qualitative survey was conducted among laboratories using
chair restraint procedures with NHP. Between 27 January and 25
February 2016, survey invitations were emailed to 124 targeted
employees working in laboratories using NHP in research. Re-
cipients were identified through the primate welfare network
of the National Centre for Replacement, Refinement and Re-
duction of Animals in Research (NC3Rs), the UK Network for
Named Animal Care and Welfare Officers working with NHP,
the UK Expert Group for NHP Neuroscience Research, and
publications in the field. In addition, an open invitation to par-
ticipate was sent to the Behavioral Management Consortium
of the US National Primate Research Centers, the Society for
Neuroscience Committee on Animals in Research, and the As-
sociation of Primate Veterinarians. Furthermore, there was an
open call on social media through the LinkedIn groups Society
for Neuroscience, Animal Models in Neuroscience, European
Primate Veterinarians, and NHP Toxicology. Participants were
asked to limit responses to one per laboratory or research group
to decrease the chance of repetition. Participation was volun-
tary, and responses were anonymous. Research funded by the
NC3Rs involving regulated procedures or the potential to cause
harm to animals or people is reviewed by the local ethics com-
mittee, and all legal permissions must be in place before the
research commences.

The survey was constructed and administered through Sur-
veyMonkey* and comprised 39 questions organized around 4
key themes: background; equipment; preparing the animal for
restraint procedures; and personnel. Comment boxes were pro-
vided for some questions to allow the submission of additional
information as free text. The data acquired were managed ac-
cording to a standard data management plan for NC3Rs office-
led data sharing projects. Some respondents did not answer all
of the questions. The number of responses to each question is
therefore unique and is reported in absolute terms. Only ano-
nymized data are reported (any free-text responses that could
identify individual facilities have been redacted). The ? test was
used to test for associations between responses to dichotomous
(yes/no) questions and categorical variables, such as chair type
and training method.

Results
A total of 101 responses were returned for analysis, from labo-
ratories in the Americas (62), Europe (33), and Asia (6; Figure 1).
The overall response rate cannot be determined because some of
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Figure 1. Survey respondents by country. Responses to question 2: “In
which country do you work?” (n = 101).

the invitations to participate were open calls, such that the po-
tential number of laboratories that could respond is unknown,
and responses were anonymous. Responding laboratories were
based in the following sectors: academic (66), contract research
(15), pharmaceutical industry (10), government (9), and other
(nonprofit, 1). Due to similarities in the procedures for which re-
straint chairs were used, the responses from academic and gov-
ernment sectors have been combined in the figures presented
here, as have those from contract research, pharmaceutical and
other sectors.

Respondents worked with mainly rhesus macaques (M. mu-
latta; 85 of 101 respondents) and cynomolgus macaques (M.
fasicularis; 39 of 101). Seven laboratories worked with other
macaque species (bonnet macaques [M. radiata], Japanese ma-
caques [M. fuscata]), 6 with marmosets (Callithrix spp.), 4 with
vervet monkeys (Chlorocebus pygerythrus or C. sabaeus), 4 with
baboons (Papio spp.), and 2 with squirrel monkeys (Saimiri spp.).

Background. Respondents were asked to focus their answers
to the majority of questions (nos. 4 through 39) on the species
they work with most frequently. Rhesus macaques were pre-
dominantly used in the academic and government sectors (68
of 75 respondents) and cynomolgus macaques in the contract
research and pharmaceutical sectors (25 of 26). There was a
fairly even distribution of age and sex of NHP used: juvenile or
adolescent males (71 of 101); juvenile or adolescent females (53
of 101); mature or adult males (86 of 101); and mature or adult
females (62 of 101). Two laboratories used elderly or geriatric
animals.

Within the academic and government sectors, monkeys were
chaired mostly for neuroscience procedures, such as behavioral
or cognitive testing (68 of 75 respondents), functional MRI (23
of 75), recording neural activity (55 of 75), dura scrape or cham-
ber cleaning (46 of 75), and EMG recording (13 of 75; Figure 2).
Within the contract research and pharmaceutical industry sec-
tors, NHP were chaired mostly for toxicology and safety phar-
macology procedures, such as dosing of test compounds by
intravenous infusion (20 of 26) or oral gavage (14 of 26), blood
sampling (20 of 26), and ECG recording (7 of 26).

The median duration for which NHP were restrained in the
chair was 2 to 4 h per day (28 of 73 respondents) on 4 to 6 d per
week (42 of 71) in the academic and government sectors; and
less than 1 h per day (16 of 26) on 1 or 2 d per week (14 of 23)
in the contract research and pharmaceutical sectors (Figure 3).
The length of time monkeys were actively involved in restraint
procedures was highly variable, ranging from 1 mo to 8 y in
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Figure 2. Procedures involving chair restraint. Responses to question
6: “What procedures are being conducted with the monkeys when re-
strained in the chair? (tick all that apply)” (n = 101).
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Figure 3. Duration of chair restraint. Responses to question 7: “What is
the typical duration of time the monkeys you work with are restrained
in a chair for research purposes? (for awake, behaving electrophysiol-
ogy studies, give the duration for the testing session)” (hours per day,
n =99; days per week, nn = 94).

the academic and government sectors and less than 1 mo to 2
y in the contract research and pharmaceutical sectors (Figure
3). Where rest periods (that is periods of time where no chair
restraint was conducted) were provided, they were typically 1
to 2 d in duration in the academic and government sectors (38
of 74) and 2 to 7 d in the contract research and pharmaceutical
sectors (6 of 21). Nine laboratories did not provide rest periods.
A variety of additional restraints were used with the chair; re-
straint of the head (56 of 101) and arm or wrist (17 of 101) was
used in the academic and government sectors, and restraint of
the upper and lower limbs (30 of 46) in the contract research and
pharmaceutical sectors.

Equipment. The most frequently used type of chair was the
closed-chair design (66 of 100 respondents), which was used
exclusively in academic and government sectors, followed by
the open-chair design (39 of 100), which was popular in the con-
tract research and pharmaceutical sectors, probably because this
chair design allows easy access to the animal’s limbs for dosing
and sampling procedures (Figure 4). The shelf-chair design was
used in only 4 laboratories; this chair is similar to the open chair
in that it allows good access to the animal and enables restraint
of the neck and waist, but the shelves provide points at which
the animal’s wrists and ankles can be secured. ‘Other” designs
included chairs that did not fit in either category and the typi-
cally were manufactured or modified for a specific purpose; for
example, chairs for use in horizontal-bore magnets (MRI) and
inhalation studies (closed chair incorporating a helmet and seat;
6 of 100).

Chairs were most often obtained from a commercial supplier
(56 of 100 respondents) or made on site (49 of 100); 27 labora-
tories customized commercially available chairs. A variety of
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Figure 4. Types of chairs. Responses to question 11: “What type of
chair do you use in your lab? (tick all that apply; see pictures below)”
(n =100).

factors were considered in the choice of chair, with the animal’s
comfort rated as the most important (Figure 5).

There was a great deal of variation between laboratories in
the methods used to transfer the NHP, once fully trained, from
the home environment to the chair (Figure 6). Single pole and
collar (41 of 96 respondents), 2 poles and collar (9 of 96), exit on
command directly into the chair (24 of 96), and transport box (13
of 96) were the methods used most frequently in the academic
and government sectors. Pole and collar (15 of 43), manual han-
dling (13 of 43), and 2 poles and collar (11 of 43) were the most
common methods in the contract research and pharmaceutical
sectors. Regional differences were present as well: pole and col-
lar methods were not used in the United Kingdom, where the
most frequent method of transfer was exiting from the mon-
key’s home enclosure on command and directly into the chair
(11 of 17); this method was used almost exclusively with closed-
chair designs. Open-chair designs were used with one or 2 poles
and collar or manual handling.

Preparing the animal for restraint procedures. A total of 74
of 89 laboratories reported having a standard operating proce-
dure or other guideline for preparing monkeys for chair restraint,
whereas 58 of 89 laboratories had a standard operating proce-
dure or other guideline for monitoring monkeys while they are
in the restraint chair. A description of the training procedures to
be used was required in submitted IACUC protocols or project
licenses in 72 of 89 laboratories.

The training methods used to prepare NHP for restraint
procedures in the academic and government sectors were
nearly always based on active, stepwise training using posi-
tive reinforcement or a combination of positive and negative
reinforcement (Figure 7). Within the contract research and phar-
maceutical sectors, however, approximately 1/3 of laboratories
did not use stepwise training and instead placed the monkey
in the chair and relied on it becoming habituated to the chair-
restraint procedure over time, with very little active training.

The use of food or fluid control (or both) was common in the
academic and government sectors (52 of 65 respondents) but rel-
atively rare in the contract research and pharmaceutical sectors
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Figure 5. Choice of chair. Responses to question 13: “When deciding
which type of chair to use in your research (or during the development
of your chair) what are the most important factors to consider? (tick
your top five factors)” (n = 100).
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Figure 6. Transfer to the chair. Responses to question 14: “Once fully
trained, how is the monkey transferred from the home environment to
the chair? (tick all that apply)” (n = 100). Responses grouped according
to (A) sector, (B) region, and (C) chair type.

(7 of 25). Twelve academic laboratories in North America and
one in the United Kingdom did not use food or fluid control; 10
of these were conducting behavioral or cognitive testing of the
monkeys, of which 4 also involved neural recording. The 7 con-
tract research or pharmaceutical laboratories using fluid or food
control were conducting similar procedures to the laboratories
in these sectors that did not use food or fluid control, namely,
intravenous infusion, oral or gavage dosing, blood sampling,
and ECG recording.

The majority of respondents considered stepwise training
using positive reinforcement to be the best approach for mini-
mizing stress for the NHP and for the safety of the animals and
staff (Figure 8). Approximately equal numbers of respondents
considered positive reinforcement, or a combination of positive
and negative reinforcement, to be the best approach to minimize
stress for staff.
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Figure 7. Training methods. Responses to question 18: “What type of
training procedures best describe the methods used to prepare your
monkeys for restraint procedures? (tick one from a to d) (a) Monkey
is trained in a stepwise fashion, and is allowed to progress through
the steps at his/her own pace. Positive reinforcement (for example,
food treat, verbal praise) is provided for cooperating with each of the
steps. No negative reinforcement (for example, use of the squeeze-
back mechanism, tugging on the pole to encourage the monkey to
move) is used. (b) Monkey is trained in a stepwise fashion, but if not
progressing as expected, the use of a squeeze-back mechanism, sec-
ond pole, or other negative reinforcer is used to speed up the process.
Positive reinforcement is provided throughout the process. (c) The use
of a squeeze-back mechanism or other similar negative reinforcer is
introduced at the beginning of the training phase and is paired with
a positive reinforcer. The monkey goes through the training steps at a
predetermined pace. (d) Monkey is placed in the chair and rewards
are provided once secured. Struggling is observed in the beginning,
but over time the monkey appears calm and cooperates with the pro-
cedure.” (A) Responses from academic and government sectors (n =
64). (B) Responses from contract research and pharmaceutical sectors
(n =25).
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Figure 8. Best approaches for safety and minimizing stress. Responses
to question 20: “Which is the best approach? (tick one in each col-
umn)” (n = 89).

Thirty-six laboratories reported having changed their chair
training methods in recent years (Figure 9). The majority of the
changes would be expected to improve animal wellbeing. The
most frequent change was greater use of positive reinforcement
and stepwise training methods. The reported reasons for this
change were that the animals were less aggressive or agitated
and more cooperative, making staff-animal interactions easier
and safer. Four laboratories reported greater use of negative
reinforcement. The reason given for this change was failure of
the animals to progress sufficiently quickly through the training
schedule.

The average length of time used to prepare monkeys for chair
restraint equipment was most often 2 to 8 wk in the academic
and government sectors (44 of 59) and 1 to 2 wk in the contract
research and pharmaceutical sectors (13 of 25). A total of 38 of 89
laboratories considered that their monkeys would benefit from
additional preparation time for restraint procedures. A greater
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No. of

Change made respondents

Greater use of PRT and/or stepwise training 10

Introducing a clicker (as a bridge) in training 4

Greater use of NRT 4

Allowing self-paced entry into the chair 3

Additional acclimation or training time 3

Greater monitoring of monkey behavior during 3
training

Putting a dummy chair into the home cage to allow 2
young or new monkeys to habituate to it

Improving comfort for the monkey in the chair 2

Greater documentation (e.g., SOPs) to promote 2
consistency in training

Utilizing new enrichments or more appetitive 2
foods during training

Providing a jackpot on successful completion of the 1
training session

Switching to high-value smoothie reward instead 1
of water restriction for chair training

Getting animals to enter a transport box, before 1
entering the chair

Switching from pole and collar to leash 1

Adding internal ‘crush plates’ to the chair to 1
promote head externalization

Reducing acclimatization time prior to study 1
commencement

Figure 9. Changes to chair-training methods. Responses to question
21: “Have you made changes to your chair-training methods in the last
few years, and if so, why? (please give details)” (1 = 36).

proportion of respondents in the contract research and phar-
maceutical sectors shared this view (18 of 25) than did those in
the academic and government sectors (20 of 64; x> = 12.201, P <
0.05). Similarly, a greater proportion of those using only open
chairs shared this view (18 of 25) than did those using only
closed chairs (14 of 49; x> = 12.721, P < 0.05). There was no rela-
tionship between the proportion of respondents that considered
additional training time would be beneficial and the training
method used (y* = 0.771, P > 0.05) or length of time used to pre-
pare monkeys for chair restraint (3> = 0.4.913, P > 0.05).

Respondents were asked whether they thought that monkeys
experience distress during initial training procedures for chair
restraint. Distress was defined as “an aversive, negative state in
which coping and adaptation processes in response to stressors
fail to return [the animal] to physiological and/or psychological
homeostasis; occurs when stress is severe, prolonged, or both.”*
Among the 89 laboratories that responded, 42 replied ‘yes” and
47 replied ‘no.” There was no relationship between training
method used and response to this question (x> = 1.542, P > 0.05).
Respondents then were asked what behaviors or responses by
the animals led to their conclusion; a list of behavioral signs of
fear and anxiety were presented along with one sign of posi-
tive welfare (coo or other quiet vocalization). A total of 34 of 89
laboratories considered that their monkeys did not experience
distress (‘'no’) but incorrectly assigned at least one behavioral
sign of distress in support of this conclusion (Figure 10).

Respondents were then asked whether they thought that
NHP experience distress once well trained; 7 of 89 replied ‘yes’
and 82 of 89 replied ‘no.” Respondents were again asked what
behaviors or responses by the monkeys led to their conclusion;
a list of behavioral signs of fear and anxiety were presented,
along with signs of acceptance of the restraint procedure. Most
of these respondents (79 of 89) correctly identified signs indicat-
ing distress or lack of distress (Figure 11).

When a fully trained monkey begins to regress (that is, resists
or no longer cooperates with restraint procedures), this lapse
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Figure 10. Behaviors during initial training. Responses to question 25:
“What behaviors or responses lead you to your conclusion? (tick all
that apply)” (1 = 89).
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Figure 11. Behaviors once well trained. Responses to question 27:

“What behaviors or responses lead you to your conclusion? (tick all

that apply)” (n = 89).
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was most often addressed in the academic and government sec-
tors by giving the monkey a break in participation and provid-
ing additional time to train through the regression (33 of 78) or
by continuing to use the monkey but incorporating additional
time for training outside of research or testing (24 of 78). These
approaches also were used in the contract research and phar-
maceutical sectors, but in those settings the problem was more
likely to be addressed by removing the monkey from the study
(12 of 35). Eleven laboratories reported that they made the mon-
key participate with the restraint procedures.

The most challenging steps in preparing a naive monkey
for chair restraint within the academic and government sec-
tors were considered to be attaching the pole to the collar, re-
moving the monkey from the cage, and having the monkey
poke its head out of the top of the box chair and keep it there
(Figure 12). Within the contract research and pharmaceutical
sectors, the most challenging steps were restraining the limbs or
other body parts and acclimating the animal to the chair for ex-
tended periods. A total of 39 of 89 laboratories had experienced
a monkey that did not acclimate to chairing procedures. This
situation was most often dealt with by providing additional
training before the research began (28 of 89 respondents) or re-
moving the monkey from the study (24 of 89); some laboratories
assigned a new trainer to the animal (8 of 89).

For industry studies (in which NHP typically do not perform
any behavioral or cognitive tasks in the chair), environmental
enrichment is usually provided while the monkey is in the chair
(23 of 24 respondents). This enrichment was most often food
items (11 of 24), television (3/24), human interaction (3 of 24), or
a combination of these items, sometimes including toys (6/24).

Personnel. Trainers conducting the initial training of monkeys
for chair restraint in the academic and government sectors were
most often research assistants (43 of 139 respondents), doctoral
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Getting the monkey to take a treat from the trainer Il
Attaching the pole to the collar (if using the pole and collar) |GGG
Removing the monkey from the cage [N
Ataching the collar into the yoke of the chair (if using pole and collar) [N = Academic +
Government
Having the monkey poke his/her head out of the top of the box chair |
Keeping the monkey's head out of the box chair while the neck is secured |
= Contract research +
When restraining the limbs or other body parts I Pharmaceutical
- . N " industry + Other
Acclimating the monkey to the chair for extended periods of time | NN
Other |
0 10 20 30

Number of responses
Figure 12. Challenging steps. Responses to question 29: “What is the
most challenging step in preparing a naive monkey for chair restraint?
(tick all that apply)” (n = 89).

students (29 of 139), animal technicians (21 of 139), and principal
investigators (19 of 139). In the contract research and pharma-
ceuticals sectors, trainers were most often animal technicians
(19 of 42). The use of dedicated animal trainers was relatively
rare (10 of 139 for the academic and government sectors; 7 of
42 for the contract research and pharmaceuticals sectors). The
trainer who conducted initial training was often the person who
chaired the NHP during the data collection period (60 of 79).
Trainers were most often themselves trained by someone within
their laboratory (63 of 79) or by an animal trainer from within
their institution (28 of 79); very few (3 of 79) were trained by an
animal trainer from an external organization or consultancy.

When those training a NHP for chair restraint considered the
animal to be fully trained, someone outside of the laboratory as-
sessed the animal’s level of training in only 13 of 54 laboratories
in the academic sector and 6 of 25 laboratories in the pharma-
ceutical sector. The person who deemed the NHP fully trained
was most often the trainer themselves (61 of 110 respondents),
the principal investigator (25 of 76 in the academic sector), or
animal behavior specialist (4 of 34 in the industry sector).

Almost half of respondents felt that the person conducting the
chair restraint training experienced distress during the process
(34 of 79 laboratories). Respondents who held this view were
not more likely to consider that the animals also experienced
distress during initial training (y? = 0.202, P > 0.05). However,
these respondents were more likely to consider that the NHP
would benefit from additional preparation time for restraint
procedures (x? = 0.069, P < 0.05). There was no relationship be-
tween respondents experiencing distress and training method
used (x* = 1.542, P > 0.05) or the average length of time taken to
prepare monkeys for chair restraint equipment before research
procedures begin (x> = 5.587, P > 0.05). In all sectors, the best ap-
proach for chair training was considered to be a combination of
positive and negative reinforcement (40 of 79) or solely positive
reinforcement (29 of 79).

The final survey question asked “If future studies were con-
ducted investigating chair restraint, what questions would you
want answered?” The overarching theme for all responses to
this question was identifying principles underlying best practice
for chair restraint procedures. Respondents were keen to have
answers to questions such as: How do we make the chairing
procedure a more positive experience for the animals? Can mul-
tipurpose chairs be designed, that offer additional restraint if
necessary in a safe manner and that allow animals more control
in moving from their home enclosure to the restraint chair? Can
we pool our knowledge to write a standard protocol or descrip-
tion of chair-restraint procedures that incorporates a variety of
training techniques appropriate for the time available, as well
as tips and strategies for those animals that may be more chal-
lenging to train (that is, animals anxious or fearful at the start of
training, those that don’t want to keep their head out of the top
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of the box chair when the neck plate is being put into place)?
There was also interest in examples of animal behaviors to look
for that would indicate when NHP are ready to move from one
training step to the next (that is, a greater understanding of ma-
caque behavior).

Discussion

The survey has 2 limitations: first, the results may not be
fully representative of the broader NHP research community
because of an unknown response rate, and, second, response
bias might be present due to concerns about how the surveyed
information might be reported or used. Although the total num-
ber of laboratories using chair restraint with NHP is unknown,
based on our professional knowledge of the NHP research
landscape and the geographic distribution of facilities, we con-
sider that the 101 responses received is sufficiently represen-
tative to draw valid conclusions. Response bias is a limitation
of every survey-based research project and might have influ-
enced our findings, but there is no other practical way to obtain
this information.

NHP in the academic and government sectors, in particular,
spend a large part of their day, most days a week, in a restraint
chair. It is important therefore to ensure that the restraint pro-
cess is as fully refined as possible. Doing so will reduce any po-
tential stress and keep discomfort to a minimum, ultimately
facilitating good performance from the animal and high-quality
scientific data.

Fit and comfort in the chair were found to be the most im-
portant factors when laboratories are deciding what type of re-
straint chair to use, but whether research groups are considering
all of the pros and cons of the various designs available is un-
clear? Purchasing a chair is a major investment, and we suggest
that laboratories new to chair restraint consult with someone
familiar with different styles of chairs and chairing procedures
and review any recent refinements that might benefit the ani-
mals” welfare and the outcome of the research before making
this purchase. We found that a considerable number of labo-
ratories manufacture their chairs inhouse or buy commercially
available chairs and customize them to suit their needs. It is
sometimes thought that NHP fitted with head implants can-
not go into a closed chair, because of the risk of damaging the
implant when entering the box or elevating the head through
the opening; however, in fact, with appropriate modifications,
many laboratories successfully use this type of chair with im-
planted animals. Open chairs give easy access to the animal’s
limbs, but, in our experience, users of open chairs often seem
to be unaware of modifications to the closed-chair design that
can yield similar results and allow similar procedures to be con-
ducted with the animals. Researchers using restraint procedures
may have more success preparing their animals in a shorter time
frame by using the closed box chair.

The method of transfer from the home environment into the
chair is another important consideration in improving the expe-
rience of the NHP. One disadvantage of the open chair is that it
requires the animal to be guided by the trainer, using the pole-
and-collar method or manual handling. This process decreases
the animal’s control, and control and choice are considered to be
important for the wellbeing of captive NHP*° With the closed
chair, animals can be trained to perform each of the steps neces-
sary to transfer from the home cage to the chair and to lift its
head out of the opening of the chair without the use of pole
and collar. Therefore, we were surprised at the number of labo-
ratories using the pole-and-collar method with closed chairs.
Macaques can be successfully trained by using a combination of
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PRT and NRT to voluntarily exit the home cage and go directly
into the closed chair or to enter a transport box first.*> Not only
is this method of transfer likely to allow the animal greater per-
ceived control, but, judging from comments submitted as part
of the survey, it may also be less stressful for staff than is the
use of the pole and collar. As a research community, we should
move toward a more positive training experience for the mon-
keys used in restraint procedures, no matter what the design of
the chair or the method of transfer.*?* Therefore researchers and
animal care staff should stay current with published refinement
techniques and make preferential use of the most humane train-
ing methods whenever possible.

The survey results indicated that many laboratories have
standard operating procedures in place to increase consistency
in animal training and monitoring, which we consider to be
good practice. We found that most academic and government
laboratories use chair-training procedures based on PRT tech-
niques or a combination of PRT and NRT. These techniques
were generally recognized to be the best training methods for
the safety of the animals and staff and for minimizing stress,
which also is encouraging. Incorporating NRT is considered
by our respondents to expedite training and reduce stress for
staff, but there is an appreciation that NRT may not be the best
approach for preparing monkeys for chair restraint. Approxi-
mately 1/3 of laboratories in the contract research and pharma-
ceutical industry sectors do not actively train the monkeys for
cooperation with chair restraint and instead rely on the animals
gradually becoming accustomed to the procedures through re-
peated exposure, although some groups may also desensitize
by using food rewards. We recommend more prestudy training
based on PRT techniques, wherever possible.

Use of food or fluid control during research procedures in-
volving restraint was common in the academic and government
sectors, probably to motivate extended sequences of responses
on behavioral tasks. Food and fluid restriction should not be
necessary for chair restraint training, and have the potential to
compromise animal wellbeing; however, refinement measures
have been reported.”” Food and fluid control is intended to in-
crease motivation in animals, but some have argued that simi-
lar performance can be achieved with the use of conditioned
reinforcers or variable-ratio schedules of reinforcement.* Why
a minority of laboratories in the contract research and pharma-
ceuticals sectors use of fluid or food control is unclear. Under-
standing more about their practices may provide opportunity
for refinement.

Nearly half of respondents, especially those in the contract
research and pharmaceutical sectors, considered that their NHP
would benefit from additional preparation time for restraint
procedures. This belief probably reflects the pressures of a busy
contract research sector with a high turnover of studies and lim-
ited time for preparing animals before studies commence. We
recommend increased efforts to provide sufficient time for train-
ing based on PRT, because this modification will likely mini-
mize the effects of some variables (for example, by avoiding fear
responses and ceiling or floor effects in physiologic variables
such as heart rate and blood pressure), thereby enabling greater
accuracy in identifying drug-induced changes.’**'* Consider-
ation should be given to introducing basic training techniques
while NHP are at the breeding or supplying establishment (that
is, before animals arrive at the research facility) or during quar-
antine periods prior to starting research procedures.

Within the academic and government sectors, there was large
variation in the length of time used to prepare monkeys for
chair restraint equipment before research procedures began.
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Delays with initial chair training are undesirable, because they
delay the collection of data and delivery of the science within
the period of grant funding. Experience has shown that ma-
caques can be trained for cooperation with chair restraint by
using predominantly PRT techniques relatively quickly when
a closed chair is used.* Although switching chair designs can
be expensive, the decrease in personnel time needed to prepare
animals for restraint procedures and the accelerated pace of the
science likely will more than recoup the expense of purchasing
new chairs.

The majority of respondents considered that initial chair-
restraint training procedures caused the NHP to experience
distress but that the animals did not experience distress once
fully trained. Although this may be true, evidence suggests that
reduced behavioral agitation may not necessarily reflect psy-
chologic habituation to restraint procedures.®** Laboratories
should move toward best practice to avoid or minimize distress
during training, in line with the refinement principle of the 3Rs,
and to ensure staff members have a good working knowledge
of macaque behavior. The responses received indicate some con-
fusion about behavioral signs of distress, and this confusion is
a concern from animal wellbeing and scientific perspectives.
We recommend that those involved in chair restraint training
refresh their knowledge of macaque behavior, for example, by
using the NC3Rs Macaque Website,” attending relevant work-
shops or conferences, taking a class in NHP behavior, or reading
published literature.

We were encouraged to see that the majority of our respon-
dents dealt with regression (that is, resisting and no longer
cooperating with restraint procedures) in their animals by pro-
viding additional time to train through the regression, some-
times even providing breaks in research participation. However,
some laboratories in multiple sectors instead continue to require
the animal to participate in the restraint procedures. This ap-
proach is likely to negatively affect the animal’s wellbeing and
potentially any resulting data. In this situation, we recommend
dialogue with other laboratories to learn how they approach
this scenario.*** Some laboratories felt it best to remove a dif-
ficult to train monkey from the study, despite the initial time
and resources invested, which could require the use of more
animals overall.

When questioned about the most challenging step in prepar-
ing a naive monkey for chair restraint, attaching the pole to the
collar and removing the monkey from the home cage were re-
ported. If not conducted properly, this process can cause fear
and resistance to the procedure (for example, pushing or bit-
ing at the pole, resisting exiting the cage, aggression toward
the trainer), thereby increasing the risk of injury to all involved
and decreasing the likelihood of gaining cooperation from the
animal with future procedures in the chair (for example, strug-
gling or grabbing when additional restraints are used for blood
draws). Having the NHP extend and keep its head out of the top
of the box chair is clearly an additional challenge in laboratories
using this design. The number of contract research and pharma-
ceutical laboratories reporting challenges with restraining limbs
or other body parts and with acclimating the animal to the chair
for extended periods of time suggests that the NHP might not
be acclimated to the restraint chair in the first place, despite the
almost universal provision of rewards. Again, a new set of eyes
on a training scenario may be able to provide a novel approach,
and we therefore recommend consulting with experts from out-
side of the facility. Taking advantage of learning opportunities,
such as exchange visits and workshops (for example, the one we
held at the 2016 AALAS national meeting; to be repeated at the
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2017 meeting) may also be helpful in addressing some of these
challenges.

Overall, the changes that laboratories reported making or
considered making to their chair-training methods are incred-
ibly positive. Laboratories are incorporating more PRT proce-
dures, including the use of a conditioned reinforcer (clicker),
more desensitization to equipment, and more reinforcement
provided throughout the procedure, including jackpots (a larger
than usual reinforcer, often unexpected, which is delivered
contingent on reaching a particular training criterion or after
an exceptional effort on the part of the animal). There is also
fairly widespread use of written standard operating procedures,
guidelines, and documentation of training efforts. In addition,
equipment changes have been made that provide animals more
choice and focus on comfort.** Some laboratories reported hav-
ing moved away from force training and the use of fluid restric-
tion and increased the time provided to animals when preparing
them for the chair. Some researchers are focusing more on indi-
vidual animal behavior and training plans, some of which do
include a combination of positive and negative reinforcement
training. Respondents indicated that these changes are being
made because of “cultural changes” within their facilities; to
increase consistency or ‘harmonize’ training between individual
trainers; to have calmer and more cooperative NHP that are
both comfortable and confident in working with research staff,
more willing to participate and less “agitated and aggressive”
for certain procedures; and to provide animals with more choice
and control (quotation marks denote direct quotes from the sur-
vey responses). Refinements such as these may be made as new
research findings become available and regulations change and
require more emphasis on animal wellbeing, thus supporting
why it is so important to share new information.

Within the academic and government sectors, the survey re-
vealed that diverse job roles are involved with the initial train-
ing of monkeys for chair restraint. Principal investigators often
delegate this responsibility to research assistants and doctoral
students; there is a view that gaining experience training ani-
mals is a necessary part of the training of a doctoral student in
NHP behavioral neuroscience. These trainers learn their tech-
niques from another laboratory member and most often are the
ones who decide when a NHP is fully trained and ready to be-
gin participating in research. We believe that this apprenticeship
approach to training of staff can risk perpetuation of poor and
outdated animal training practice (for example, supervisor to
student, or principal investigator to research assistant). Almost
half of respondents felt that the person conducting the chair-
restraint training experiences distress during the process (that is,
fear of getting scratched of bitten or of not being strong enough
to handle the animal; observing the animal struggle; feeling
pressure from study time constraints, especially when animals
progress slowly through the steps), and this state was correlated
with distress for the animals during the initial training period.
Training an animal for restraint procedures is a challenging task
and not always one in which students are interested. If this dis-
tress in personnel can be avoided, job satisfaction for the han-
dler or trainer consequently might increase.

Relatively few facilities, especially in the academic and gov-
ernment sectors, have dedicated animal trainers who assume
the major responsibility for all of the training of the NHP or for
training all staff who work directly with the monkeys. Provid-
ing such personnel can be a very powerful means of ensuring
consistent and effective training practice, which can improve
the research outcomes. There is a general move in this direction
in the United States? and (anecdotally) in the United Kingdom,
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and the costs of staff for animal training can be included in re-
search grant applications. We recommend that laboratories give
serious consideration to this approach. In addition, few facilities
use external consultants, a resource that can provide tailored ad-
vice on best practices specific to their laboratory, the equipment
used, the protocol followed, the animals’ temperaments, and so
forth. Some facilities reported that an animal behavior specialist
was the person to decide when a NHP is fully trained. Such a
specialist is likely to give the most robust assessment from the
perspective of animal wellbeing.

Information sharing is important and should be increased. We
hope these survey results will provide an opportunity for labo-
ratories to benchmark their practices and determine how they
might be modified to improve animal wellbeing and scientific
quality. Incorporating a brief description of the chair design and
methods used to prepare animals for restraint into manuscripts
can be a good mechanism for information sharing. We intend to
follow the publication of the survey results with more detailed
guidance on training protocols and tips for dealing with chal-
lenging situations. Surveys of current practice such as the cur-
rent one are important within the broader framework of the 3Rs,
because they provide a baseline and ideas for progressing with a
policy of continuous improvement in animal wellbeing and for
publicly demonstrating the positive changes being made by the
scientific community.

Finally, many gaps in research evaluating training for chair
restraint remain. We suggest that studies of the following top-
ics would be useful: formal comparisons of the effectiveness of
PRT compared with NRT compared with a combination of both;
identification of approaches most suitable for animals of a given
temperament; assessment of automated approaches to animal
training; and objective measures of stress or distress and how
these states might affect the data being collected. The NC3Rs
has 3Rs research funding schemes open to researchers in the
United Kingdom,* which might facilitate such projects.
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