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Abstract

Background: Peripheral nerve damage can have debilitating consequences. Rabbit sciatic nerve transection models
allow the effective evaluation of surgical repair strategies for large nerve gaps. Despite advantages in size,|ease of
handling, and functional utility, rabbits can suffer from a number of side effects that affect animal welfare afd the
quality of scientific inquiry. Such side-effects, which include pressure ulcers and traumatic damage to the fgot, are
primarily a consequence of insensitivity of the distal hindlimb following sciatic nerve injury. In this study, we
present a number of methodologies for identifying, treating, and preventing unintended adverse effects in rabbit
sciatic nerve injury models.

Results:First, we categorize pressure ulcers according to their severity and describe the deployment of a padded
bandaging technique to enable ulcer healing. We also introduce a proactive bandaging approach to reducqg the
likelihood of pressure ulcer formation. Second, we define phenotypes that distinguish between foot injuries
resulting from self-mutilation (autotomy) from those caused by incidental traumatic injury secondary to sengori-
motor damage. Finally, we detail an effective strategy to reduce the usage of Elizabethan collars; through & gradual
weaning protocol, their usefulness in preventing autotomy is retained, while their propensity to impede rabhit
grooming and cause abrasion-injury to the neck region is minimized.

Conclusions:We suggest that application of these methods offer a practical and systematic approach to avgid
adverse side effects associated with rabbit sciatic nerve damage, enabling improved animal welfare and sdientific
outcomes in a powerful nerve injury model.

Keywords: Peripheral nerve, Nerve injury, Rabbit, Bandaging, Pressure ulcer, Elizabethan collars

Background understand nerve function, probe mechanisms of nerve
Peripheral nerve damage is a serious injury that can leadhjury, and evaluate strategies for repair and regener-
to debilitating sensorimotor dysfunction and prolonged ation, including mice, rats, hamsters, guinea pigs, rabbits,
pain. Most traumatic nerve injuries in the general popu- pigs, sheep, cats, dogs, and non-human primatgsi2].
lation are due to automobile accidents and householdRats are the predominant model for hypothesis testing
accidents 1, 2], while the vast majority of traumatic related to peripheral nerve injury, degeneration, and
nerve injuries in military settings are due to explosivesrepair, as they are docile, cost effective and amenable to
and gunshot wounds 3, 4]. A number of mammalian microsurgical repair of a reasonable gap size (typically
models varying in size and anatomy have been used t& 15 mm for the rat sciatic nerve)l3, 14]. Mouse nerves
are not of sufficient size for evaluating gap-repair strat-
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larger animals are used to test strategies for repairing gaps On the other hand, reducing adverse outcomes in rabbit
more comparable in size to those in humans. While feline,models can lead to a reduction in animal care burden, im-
canine, and ovine models have been used historically tgrovement in the quality of scientific evaluation, improved
investigate large nerve gapS{8, 10, unique housing and cost and time efficiency, and more humane treatment of
husbandry requirements as well as increasing ethical scruanimal subjects. In this study, towards such goals, we
tiny have reduced the frequency of their usage. Porcingrovide insight into unintended complications in rabbit
and non-human primate models represent the gold- sciatic nerve injury models and introduce methodology to
standard with respect to simulating the size, anatomy andprevent and/or treat such complications. We hypothesize
physiology of human nerves, and are therefore used irthat our methods lead to a reduction of adverse pressure
translational or late-stage pre-clinical researci(-12].  ulceration and phalangeal injury associated with nerve in-
However, these models are costly and require highlyjury, enabling unconfounded experimental data collection
specialized laboratory facilities and veterinary care; theyand humane post-operative care.
are thus comparatively impractical.

Therefore, rabbits are often used as a non-rodentResults
model for larger nerve injuries I7]. Among the periph- Characterization of pressure ulcer severity
eral nerves of rabbits, though models of facial and upperAll animals survived through the evaluation period
extremity nerve injury are not uncommon I8-20], its (Table 1, Fig.1), during which pressure ulcers of varying
substantial length (which easily accommodates gaps exseverity were observed. We developed a semi-quantitative
ceeding 34cm) and ready access render the sciaticscale to score the severity of the pressure ulcer (TaBle
nerve the most common choice for injury and repair. Fig.2a-f). Two rabbits were categorized as Grade 1, one as
There are multiple additional benefits to using rabbits as Grade 2, one as Grade 3, and three as Grade 4. Fifteen
a surgical model, including ease of handling and cost-rabbits had no signs of a pressure ulcer. There were no
effectiveness compared to larger animal models, in vivadifferences in the distribution of categories among
functionality, biocompatibility/safety, and clinical rele- autograft-treated and device-treated nerve injuries (Talle
vance/efficacy 21]. Although rabbits are a useful research Fig.1).
model to study nerve injury, rabbit studies can suffer from
a number of adverse side effects. The most prominentinfluence of bandaging on pressure ulcer formation
among these adverse effects result from the lack of senThere was a significant difference in pressure ulcer
sory feedback from the insensate distal hindlimb resultingformation between rabbits that were pre-bandaged and
from sciatic nerve injury. The combination of this insensi- rabbits that were bandaged 3 weeks post-surgery, with
tivity and consequent imposed trauma during otherwise pre-bandaging markedly reducing the likelihood of ulcer
innocuous foot stamping can lead to the development offormation (Table 1, Fig.1; 2=16.18,p<0.05,N=22, 3
pressure ulcers on the rabbit hockslf]. This issue is degrees of freedom). Interestingly, bandaging was pro-
compounded by the facts that rabbits have minimal sub-tective against ulceration even in the presence of sub-
dermal padding at the heel, and the normally thick layer stantial scar formation in the hindlimb following chronic
of fur cushioning the soles of their feet is often compro- denervation (Fig2g-i).
mised after nerve injury. Further, dysesthesia and loss of
muscle function following injury or during early or incom- Complications and caveats
plete regeneration may result in foot dragging or self- Use of e-collars
mutilation (autotomy), requiring amputation 17, 22]. E-collars were placed on rabbits after surgery to prevent

These complications have negative consequences, botthe animal from accessing surgical incisions or
with respect to animal welfare as well as the quality ofimplanted devices. In addition, e-collars were used 3
evaluating strategies for nerve repair. Logistically,months after repair, when risk of self-mutilation was
unintended complications can lead to extensive andincreased due to re-emerging sensation. We developed a
costly animal care, including daily veterinary care andflow chart to describe a strategy for gradual weaning of
additional surgical intervention. Severe injuries can alsoe-collars with liberal off-collar time, with progressively
lead to unnecessary infection, animal pain, and distressgecreasing levels of supervision or observation (FB.
therefore requiring euthanasia for ethical reasons at an
earlier than desired time point. Finally, complications Bandaging
can also impact the ability to collect data or data quality. Foot bandaging was indeed useful for treating and pre-
Depending on the severity of the pressure ulcer, footventing pressure ulcers; however, it was not uncommon
trauma, autotomy, or other unintended adverse effect,for rabbits to loosen or shake off their foot bandage
sensori-motor, gait, vascular, and regenerative outcomesluring movement. An adverse outcome associated with
may be confounded or compromised. bandage removal was foot dragging (Féa-b) — distinct
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Table 1 Details of subjects included in our study

Animal ID Pressure Sore (yes/no) Pre-bandaged (yes/no) Ulcer Grade Surgery (Device/ Graft)
Animal 1 Yes + infection No Grade 4 Device
Animal 2 Yes + infection No Grade 4 Device
Animal 3 Yes No Grade 2 Device
Animal 4 No No n/a Device
Animal 5 Yes No Grade 3 Graft
Animal 6 Yes No Grade 1 Graft
Animal 7 No No n/a Graft
Animal 8 Yes No Grade 4 Graft
Animal 9 Yes Yes Grade 1 Graft
Animal 10 No Yes n/a Graft
Animal 11 No Yes n/a Graft
Animal 12 No Yes n/a Graft
Animal 13 No Yes n/a Device
Animal 14 No Yes n/a Device
Animal 15 No Yes n/a Device
Animal 16 No Yes n/a Device
Animal 17 No Yes n/a Device
Animal 18 No Yes n/a Device
Animal 19 No Yes n/a Device
Animal 20 No Yes n/a Device
Animal 21 No Yes n/a Device
Animal 22 No Yes n/a Device

Total Rabbits
Evaluated
N=22
Bandaging after Pre-bandaged
pressure ulcer N=14
N=8
Device Graft Device Graft
N=4 N=4 N=10 N=4
Pressure Pressure Pressure Pressure
Ulcer Ulcer Ulcer Ulcer
Yes No Yes No Yes No Yes No
(N=3) (N=1) (N=3) (N=1) (N=0) (N=10) (N=0) (N=10)
1 Grade 2 1Grade 1 1Grade 1
2 Grade 4 1 Grade 3
1 Grade 4
Fig. 1 Summary of evaluated animals and pressure ulcer classification
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Table 2 Scale used to score the severity of pressure ulcers

Grade Symptoms

Grade 1 Hair loss at the bottom of the foot, redness, minor skin abrasions

Grade 2 Hair loss, red skin, and break in skin, minor scab overlying break

Grade 3 Hair loss, red skin, swollen tissue, pus visible, peripheral scab formation

Grade 4 Hair loss, red skin, inflamed deep tissue and pus visible, abscess and/ or infection

from self-mutilation (Fig.4c) -- caused due to the loss of swelling, respectively. For longer durations, abrasion or
dorsiflexor muscle mass and/or lack of proprioceptive breaks in the skin were observed, and in severe cases of
feedback, which prevents the rabbit from lifting up its overnight foot dragging, toe amputation was required
injured foot. Damage resulting from foot dragging in- due to severe skin loss/phalangeal exposure. Proactive
creases based on the duration over which this activitybandaging, including a dorsal layer of gauze (Figsaand
occurs. Dragging for durations of a few minutes te-2h  6) was helpful in reducing foot dragging injuries. In the
resulted in minor foot redness to more irritation and event of injury, topical ointment, gauze, and self-adherent
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Fig. 2 Severity of pressure ulcers. Healthy hindpaw seea)aoftrol and If) proactively bandaged hindpaw. Pressure ulcers were seen on|the
heel within 1.5 weeks of nerve injury without standard bandagi®ade 1 pressure ulcers, seen withid ieeks of nerve injury and
infrequently when standard bandaging was implemented proactiddiysrades 24 pressure ulcers were seen when treatment was
implemented within 23 weeks after nerve injury=h Eosin labeling in sagittal sections @f Contralateral control paw and)(ipsilateral paw
that was denervated and bandaged for 4 months, revealed no visible ulceration. Single and double arrows denote corresponding locatjons along
length of paw in control and denervated limbs. Despite considerable scar formation and connective tissue remodeling in the heel (region
indicated by *), which is concurrent with contracture (resulting in high curvature of denervated paw), no breaks in the integrity of the skin were
observed with bandaging. E: Epidermis; D: Dermis; Sub-D: Subdermal tissue (musél§rizscimprphological view (axial section) of scar
deposition in the heel, resulting from prolonged denervation, analogous to * region in (H)







