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Abstract
Background  Cryoneurolysis of peripheral nerves uses 
localised intense cold to induce a prolonged block over 
multiple weeks that has the promise of providing potent 
analgesia outlasting the duration of postoperative pain 
following surgery, as well as treat other acute and 
chronic pain states. However, it remains unclear whether 
persistent functional motor deficits remain following 
cryoneurolysis of mixed sensorimotor peripheral nerves, 
greatly limiting clinical application of this modality. To 
help inform future research, we used a rat peroneal 
nerve injury model to evaluate if cryoneurolysis results in 
persistent deficits in motor function.
Methods  Male Lewis rats (n=30) had their common 
peroneal nerves exposed bilaterally at the proximal 
lateral margin of the knee and subsequently underwent 
cryoneurolysis on one limb and sham treatment on the 
contralateral limb. Outcomes were evaluated on days 3, 
14, 30, 90 and 180. The primary end point was motor 
function, based on ankle dorsiflexion torque. In addition, 
sensory function was tested based on von Frey’s filament 
sensitivity to the peroneal sensory distribution. A subset 
of animals was sacrificed following functional testing 
at each time point, and general tissue morphology, 
connective tissue deposition, and axon counts were 
evaluated.
Results  Motor deficits in treated limbs were observed 
at 3 and 14 days but had resolved at time points 
beyond 1 month. Bilateral sensory deficits were also 
observed at 3 and 14 days, and also resolved within 
1 month. Consistent with motor functional deficits, axon 
counts trended lower in treated nerves compared with 
contralateral controls at 3 days; however, axon counts 
were not significantly different at later time points.
Conclusions  When applied to a mixed sensorimotor 
nerve, cryoneurolysis did not result in persistent motor 
deficits.

Introduction
Pain following surgery is frequently treated with 
local anesthetic-based peripheral nerve blocks to 
improve analgesia, decrease/negate opioid reliance, 
and decrease the incidence/severity of persistent 
postsurgical pain. However, the duration of surgical 
pain is often far longer than the duration of even 
the longest-acting single-injection peripheral 
nerve block; and, perineural local anesthetic infu-
sion is limited to less than 1 week in most cases.1 

Cryoneurolysis is a non-opioid analgesic modality 
used to treat both acute and chronic pain involving 
the application of extremely low temperatures to 
a peripheral nerve to induce Wallerian degenera-
tion and consequent abrogation of nerve conduc-
tion.2 Axons regenerate along the undisturbed 
epineurium, perineurium, and endoneurium from 
the site of ablation towards their distal targets at 
about 1–2 mm/day,3 resulting in a nerve block 
with a variable duration, but typically measured in 
multiple weeks.4 While cryoanalgesia has been used 
for decades to treat primarily chronic pain,4–8 the 
advent of percutaneous cannulas and ultrasound 
guidance dramatically increases the potential appli-
cations for its use in treating acute pain as well.9–11

To date, most published research involves the 
functional and histological recovery of sensory 
nerves12–16; however, mixed motor-sensory nerves 
may also be targeted.4 10 17 18 Because cryoneurolysis 
affects both sensory and motor neurons, concern 
exists regarding residual and persistent motor 
weakness due to either incomplete regeneration or 
motor unit clustering. Given that interest in cryo-
neurolysis is increasing due to an increased aware-
ness of the pervasiveness of inadequately-controlled 
postoperative pain,19 current public health efforts 
to decrease opioid use,20 and recognition that 
chronic, persistent postoperative pain is associated 
with inadequately-controlled perioperative pain,21 
it is imperative that any long-term cryo-induced 
motor deficits be identified.

In this controlled study, we used a sensitive and 
validated rat common peroneal (fibular) nerve 
injury model to evaluate if cryoneurolysis results 
in persistent motor function deficits, based on 
recovery of ankle dorsiflexion torque.

Methods
Study intervention
Thirty 300 g male Lewis rats underwent survival 
surgery under isoflurane anaesthesia with analgesia 
provided with preoperative subcutaneous injec-
tion of 0.3 mg sustained release buprenorphine 
(Buprenorphine SR-LAB, ZooPharm, Windsor, 
Colorado, USA). Common peroneal (fibular) 
nerves were exposed bilaterally at the proximal 
lateral margin of the knee joint using a technique 
previously described.22 23 The fascial sheath over-
lying the nerve was left intact. On the left limb, 
cryoneurolysis was performed with a console based 
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clinical cryoneurolysis machine (PainBlocker, Epimed Inter-
national, Farmers Branch, Texas, USA). An 18 G trocar with a 
tapering tip was positioned immediately adjacent to the target 
nerve and three 2 min cryoneurolysis cycles separated by 1 min 
thaw periods were applied using nitrous oxide. This protocol 
is a typical clinical protocol,3 and given the size and exposure 
of the rat peroneal nerve, may be viewed as aggressive. On the 
right limb, sham cryoneurolysis was performed, with exposure, 
tip contact, and time of contact as above, but no freezing.

Multiple criteria were considered to retain consistency within 
our cryoneurolysis protocol. Frosting of the cannula tip as well as 
formation of an ice ball encompassing the nerve was confirmed 
for each cycle. Repeatability in freezing technique was confirmed 
based on: (i) consistent exposure of the peroneal nerve; (ii) 
device indicator confirming sufficiently cooled cannula tip; (iii) 
frosting of cannula; (iv) visual verification of contact of cannula 
tip directly on fascial sheath overlying peroneal nerve; (v) ice 
ball formation on tissue surrounding nerve; (vi) fasciculations on 
at least one of the freeze cycles. Increased local blood flow was 
typical during a freeze cycle. Cannulas were thawed completely 
before detachment from tissue to avoid imposing mechanical 
force on the nerve by cannula manipulation.

On the contralateral limb, the sham (control) treatment was 
administered by positioning the cryoablation cannula immedi-
ately adjacent to the target nerve for the same three 2 min on, 
1 min off pattern as before, but without freezing (ie, no nitrous 
oxide). Overlying muscles were repaired by closing the fascia 
with 4–0 polyglycolic acid (PGA) sutures, and wound clips were 
used to close the skin incision.

Outcome measures
End points were assessed at 3, 14, 30, 90, and 180 days 
following treatment, a time frame over 3x longer than that 
during which a small population of persistent motor deficits 
were observed.23Motor function was assessed bilaterally via 
isometric ankle dorsiflexion torque, using a previously-described 
and validated method.23 Briefly, following anaesthesia induction 
(2% isoflurane, 2.0 L/min), dorsiflexors were activated via the 
common fibular nerve using a nerve cuff (15V at 100 Hz, 0.3 
ms pulse duration and 650 ms train duration), while torque was 
measured using a custom-designed dynamometer.22 The dyna-
mometer was created from a dual-mode servo motor (Aurora 
Model 305B, Aurora Scientific, Aurora, Ontario, Canada) which 
has a force resolution of 1 mN, a linearity of 99.8% and a step 
response time under 2 ms. Peak torque was defined as the abso-
lute peak isometric torque elicited after the onset of stimulation. 
Sensory testing was performed bilaterally with von Frey fila-
ments applied to the dorsal surface of the foot (peroneal nerve 
sensory distribution).24 Rats were acclimated with one round 
of practice testing preoperatively. Rats were required to plant 
their entire foot (heel to toe) prior to testing, and paw with-
drawal pattern was assessed using the up–down method.25 Data 
are represented as the difference in post-treatment sensitivity (ie, 
force eliciting withdrawal) minus baseline sensitivity, with more 
negative values indicating hypersensitivity.

Histological outcomes
A subset of animals was sacrificed under anaesthesia following 
functional testing at each time point via intracardiac injection 
of pentobarbital sodium and phenytoin sodium (150 mg/kg). 
In addition, three animals were euthanised immediately after 
freezing, for histological analysis of acute structural changes 
resulting from cryoneurolysis. For each animal, the common 

peroneal nerve was harvested bilaterally, and snap frozen using 
liquid nitrogen cooled isopentane.26 Transverse sections of the 
nerve underlying the distal edge of the cryoablation site and 
axial sections of tibialis anterior (TA) muscle ~5 mm distal to 
its insertion at the knee were taken per previously published 
methods, and slides were stored at −80°C until use.23 26 Sections 
were stained with H&E, Masson’s trichrome (Polysciences, 
Warrington, Pennsylvania, USA), Wheat Germ Agglutinin 
(WGA) conjugated to AlexaFLuor 594, DAPI, and/or β3-tubu-
lin+laminin. The neuron-specific β3-tubulin was used as an 
axonal marker for axon counting, laminin provided an outline 
for delineating distinct nerve fibers, and WGA outlined muscle 
fibers. Sections were permeabilised with 0.2% Triton-X, blocked 
with blocking buffer (10% goat serum, 3% bovine serum albumin 
(BSA) in phophate buffered saline (PBS)) then incubated with 
primary antibodies mouse anti-β3-tubulin (Sigma-Aldrich; 1:500 
dilution) and rabbit anti-laminin (Sigma-Aldrich; 1:1000 dilu-
tion) for 1 hour. Slides were then incubated with AlexaFluor 488 
goat-anti-mouse and AlexaFluor 594 goat-anti-rabbit secondary 
antibodies, then coverslipped with Vectashield Hardset with 
4',6-diamidino-2-phenylindole (DAPI ;Vector Labs, Burlingame, 
California, USA).

Fluorescent images were acquired using a Leica DM6000 
microscope (Leica Microsystems, Buffalo Grove, Illinois, USA) 
equipped with a Leica DFC365 FX camera (Leica Microsys-
tems) using a 10X or a 63X oil immersion objective, and bright-
field images were acquired at 20X using a Leica SCN400 slide 
scanner (Leica Microsystems). Axon counts were estimated from 
two sections, based on manual counting of β3-tubulin-positive 
puncta in selected 63X images covering at least 35% of the nerve 
cross-sectional area, and subsequent scaling based on cumulative 
fascicular area measured from 10X images.26 This stereolog-
ical sampling approach procedure provided sufficient coverage 
to provide confidence in axon counts, while also enabling the 
inclusion of sections with minor tears or regions of inconsistent 
staining. All histological analysis was blinded to the data analyst.

Statistics
The primary null hypothesis was that a clinically-relevant cryo-
neurolysis protocol does not induce persistent motor functional 
deficits. This hypothesis was tested based on measurement of 
ankle dorsiflexion torque as a primary end point. We achieved 
statistical power of 0.86 for n=6/group, for a moderate effect 
size of 0.5 and alpha=0.05. Secondary null hypotheses were 
that a clinically-relevant cryoneurolysis protocol did not induce 
persistent mechanical sensory functional deficits or structural 
changes, as measured by von Frey’s hair testing and compar-
ison of axon counts, respectively. Parametric statistical testing 
was performed for all comparisons. Normality was confirmed 
using the Shapiro-Wilk normality test. Mean motor, sensory and 
structural outcomes were compared using mixed design 2-way 
analysis of variance (ANOVA), which examined main and inter-
action effects of time (unpaired factor) and intervention (paired 
factor). Tukey’s Honestly Significant Difference (HSD) post-hoc 
test was used to compared individual means and accounted for 
multiple comparisons. Prism 8 (GraphPad, La Jolla, California, 
USA) was used for all statistical testing.

Results
As determined by our six criteria, consistent freezing was 
confirmed for each experiment. General histological assess-
ment using H&E showed clear changes to tissue surrounding 
the epineurium immediately following cryoneurolysis, including 
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Figure 1  Cryoneurolysis results in immediate tissue changes exterior 
to, but not within, the ablated nerve (H&E label). (A) Control nerve 
in cross-section. Note scale of comparatively thin epineurium. Some 
tissue has folded over to the left side of the image. (B and C) Cross-
sections of two different nerves in region of cryo-ablation. Note clear 
capsule formation around epineurium (asterisk *), and connectivity to 
underlying muscle tissue following ablation protocol. Bars 100 um. (D) 
Longitudinal section of nerve in region of cryo-ablation. Note seemingly 
normal nerve tissue within the epineurium, but apparent freeze damage 
and connectivity to underlying muscle outside of the nerve (asterisk *). 
The ‘crack’ in the nerve (arrow) is likely to be an artifact of sectioning. 
Bar 100 µm.

Figure 2  Cryoneurolysis results in persistent tissue changes exterior 
to, but not within, the ablated nerve (trichrome label). (A–D) Sample 
trichrome labeling for sham (A,C) and cryoneurolysed (B,D) nerve at 3 
days (A–B) and 180 days (C–D). Note more integration of frozen nerves 
with surrounding nerve bed, in contrast to sharper epineurial borders 
in sham-treated nerves. White arrows in (A) indicate muscle connective 
tissue, which is distinct from epineurial tissue. Bars=100 µm. Note that 
fasciculation patterns appear different in each section; this reflects 
anatomical variation in internal branching from nerve to nerve, despite 
consistency in section location.

thickening of the epineurial wall and adhesion to surrounding 
musculature (figure 1A–D). However, the interior of the nerve 
appeared grossly intact. Consistent with these observations, 
trichrome staining in cryoneurolysed—but not sham—nerves 
indicated connective tissue deposition around the nerve, with 
structurally intact interiors (figure 2). These changes persisted 
throughout the evaluation period (figure  2D). Axonal locali-
sation within nerves also appeared qualitatively normal, in all 
groups (figure 3A–D). At 3 days after surgery, but at no other 
time point, decreased axon counts (indicative of Wallerian degen-
eration) were observed in cryoneurolysed nerves compared with 
sham (figure 3E). No pain-associated behavioral changes were 
observed after surgery at any time point.

Motor function
To test the primary hypothesis that cryoneurolysis did not result 
in persistent motor deficits, ankle dorsiflexion torque was eval-
uated. Two-way ANOVA showed main effects of both time 
(p<0.001) and treatment (p<0.05) on peak dorsiflexion torque, 
but no interaction effect. Consistent with animal growth, motor 
function gradually improved in this group over the 180-day 
evaluation period. Sham cryoneurolysis did not result in motor 
impairment at any time point, validating that surgical approach 
did not affect the control group (figure 4A). Post hoc testing of 
individual means revealed that peak torque was not significantly 
different between cryoneurolysis and sham groups at any time 
point (figure 4A). Recovery of torque to statistically insignificant 
magnitudes was observed at 30 days (p=0.88); and, in support 
of the primary hypothesis, torque was indistinguishable between 
treatment and control limbs at 3 and 6 months (p>0.99, 

figure 4A). Consistent with these observations, no differences in 
fiber morphology, spacing between muscle fibers, or centralized 
nuclei were observed between sham and contralateral TA muscle 
6 months after injury (figure 4B–E).

Sensory function
Two-way ANOVA revealed main effects of time (p<0.001), but 
not treatment (p=0.45) on mechanical sensitivity in the dorsal 
paw (peroneal sensory distribution). Post-hoc testing revealed 
no statistically significant difference between treated and control 
limbs at any time point (figure 5), with slight (1–2 filament) bilat-
eral hypersensitivity at Day 3, possibly associated with surgical 
trauma. All hypersensitivity resolved by 1 month, and normal 
sensitivity was maintained at 3 and 6 months (figure 5).

Discussion
This study provides quantitative evidence in an animal model 
that cryoneurolysis does not result in persistent functional 
deficits when applied to a mixed sensorimotor nerve of a rat. 
The expected motor deficits existing within the first two post-
treatment weeks (days 3 and 14) resolved by 1 month, mirroring 
the histological evidence of Wallerian degeneration followed by 
regeneration. While we cannot extrapolate the timing of motor 
recovery in laboratory animals to a clinical setting, these results 
are reassuring in that cryoneurolysis, a modality that is approved 
by the United States Food and Drug Administration and used 
clinically for multiple decades—does not appear to induce 
persistent deficits.

Our data should be placed in the context of several previous 
studies that examined effects of cryoneurolysis on nerve struc-
ture and neuromuscular function. Whittaker published a 
comprehensive assessment of nerve morphology and ultrastruc-
ture after freezing the ventral epithelium of the golden hamster 
tongue.27 28 Significant disruption of myelination as well as 
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Figure 3  Nerve morphology and axon counts are not affected 
by cryoneurolysis. (A–D) Sample ß3-tubulin (axons, green), laminin 
(fiber borders, red), and DAPI (nuclei, blue) labeling for sham (A,C) 
and cryoneurolysed (B,D) nerve at 3 days (A–B) and 180 days (C–D). 
Bars=100 µm. (E) Quantification of axon counts (mean±SEM) shows no 
effect of time or treatment, and NO statistically significant difference in 
axon number (sham vs cryoneurolysis) at any time point (mixed-design 
two-way ANOVA and Tukey’s HSD post-hoc testing). A trend towards 
fewer axons at 3 days, but no other time point, is observed, consistent 
with motor recovery. Bars=100 µm.

Figure 4  Motor function and muscle structure are not persistently 
affected by cryoneurolysis. (A) Peak isometric torque revealed 
ipsilateral motor deficits on the ipsilateral (ablated) side at early time 
points, which resolved by 30 days (main effects of time (p<0.001) 
and treatment (p<0.05) based on mixed-design two-way ANOVA. 
No significant differences between individual means (sham vs 
cryoneurolysis) at any time point based on Tukey’s HSD post-hoc 
testing). Values are provided as mean±SEM. (B) Control and (C) 
cryoneurolysed TA muscle at 180 days show no differences in gross 
morphology (H&E labeling). (D) Control and (D) cryoneurolysed TA 
muscle at 180 days show no differences in muscle fiber morphology, no 
widening of intra-fiber spacing, and NO centralised nuclei (WGA and 
DAPI labeling). Bars=100 µm. TA, tibialis anterior; WGA, Wheat Germ 
Agglutinin.

Figure 5  Mechanical sensitivity is not persistently affected by 
cryoneurolysis. von Frey’s testing revealed slight (difference of 1–2 
filaments) bilateral increases in sensitivity in the peroneal sensory 
distribution (dorsal aspect of the paw) at early time points, which 
resolved by 30 days. (main effects of time (p<0.001) but not treatment 
(p=0.45) based on mixed-design two-way ANOVA. No significant 
differences between individual means (sham vs cryoneurolysis) at any 
time point based on Tukey’s HSD post-hoc testing). Values are provided 
as mean±SEM

signatures of axon degeneration were observed within an hour 
of freezing, with substantial myelin disruption and absorption 
as well as axolemmal disappearance. By day 14, early signs of 
regeneration, including axonal regrowth within early myelin-
ating sheaths, were apparent (although functional testing was 
not performed). While we did not perform electron microscopy 
on ablated nerves, we observed structural damage to the nerve 
at 3 and 14-day time points, although not as comprehensive as 
in the lingual nerve model. Our timeline of functional recovery 
by 1 month also suggested structural regeneration at an earlier 
time point; however, differences in species and scale preclude a 
direct comparison.

Deleo, Wagner and colleagues published a subsequent series of 
studies on outcomes following cryoneurolysis of the rat sciatic 
nerve with the intent of validating a new model of pain.29–33 
In these studies—as for our investigation—adverse sensory 
outcomes were observed in both the cryo-treated and control 
limbs.34 However, sensory deficits persisted beyond 28 days 
suggesting more severe damage, in contrast to our observations 
of sensory recovery by 1 month. The authors speculated that the 
persistence of bilateral deficits was indicative of a central nervous 
system contribution to neuropathy.34 This persistence may also 
have a methodological basis: in addition to freeze damage, the 
nerve was decompressed and raised from its bed during cryo-
neurolyis which may have created a non-physiological heat 
(cold)-transfer and mechanical environment more conducive to 
damage (Wagner, personal communication 2019).

A third set of studies by Hsu and Stevenson directly tested 
motor functional recovery.35 36 In this case, a tibial nerve injury 

was created using a single 1 min long cryoneurolysis applica-
tion (which in one study was repeated three times at 2-month 
intervals). Motor function was evaluated using toe spreading 
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and a semi-quantitative walking scale, and reversibility of motor 
deficits was observed within 50 days. While these results were 
promising, there were several important limitations to this work 
that precluded a definitive conclusion. Importantly, a relatively 
benign cryoablation protocol was used, which may not represent 
a clinically-typical and more invasive multi-cycle cryoneurolysis 
protocol.4 Most critically, motor functional assessments were 
semi-quantitative and low in sensitivity, and minimal quanti-
tative assessment of nerve morphology was performed. These 
confounding factors were compounded by the decision to treat 
the tibial nerve: while this nerve indeed plays an important role 
in ankle plantar-flexion and toe abduction, it does not inner-
vate toe extensors and ankle dorsi-flexors which are essential 
for proper stepping during walking and the uncurling of toes. 
Thus, their reported semi-quantitative motor score which incor-
porated qualitative assessments of both gait and toe curling, may 
not have accurately or adequately described the impacts of their 
particular injury model. Lastly, a small (though not statistically 
significant) cohort of animals displayed continued motor deficits 
at the latest time point.35 36 These observations suggested that 
higher-resolution measurements may be needed to detect more 
subtle—but persistent—motor deficits. It was for this reason that 
we undertook the current study using a far more sensitive model 
of functional motor deficits. Our more sensitive and quantitative 
functional motor outcomes were qualitatively consistent with 
these prior studies in that motor deficits were indeed reversible.

Our peroneal nerve injury model and measurement of dorsi-
flexion joint torque, which have been validated in multiple studies 
perturbing various aspects of neuromuscular function,22 23 37 38 
offer several advantages to prior studies, and provide additional 
confidence in interpretation of our results. Peroneal nerve injury 
stands in contrast to sciatic nerve injury, in which both the tibial 
and peroneal branches are affected. Without a more sensitive 
outcome specific to each branch, it is difficult to confidently inter-
pret outcomes. For example, following sciatic nerve injury, poor 
functional recovery may be a result of incomplete or imbalanced 
regeneration into the two branches. In our model, we injured only 
one branch, and the corresponding sensory and motor outcomes 
tested were directly related to the peroneal distribution—that is, 
joint dorsiflexion torque and sensitivity of the dorsal surface of 
the foot. Thus, there is no ambiguity, compared with observa-
tional assessments of motor function or behavioral outcomes such 
as Rotarod or grip testing. In addition, we applied a protocol of 
multiple freeze cycles separated by shorter thaw periods which 
better-represents a typical clinical application protocol that is 
intended to provide analgesia and not induce pain. Additionally, 
the nerve was left attached and unperturbed in its underlying tissue 
(ie, not decompressed), simulating the clinical reality of percuta-
neous cryoneurolysis. Thus, we are confident that the reversibility 
of sensory and motor deficits is not artifactual and is specific to the 
nature of the nerve injury.

The transient and minor nature (<2 von Frey hair’s differ-
ence) of bilateral sensory hypersensitivity on both the treated 
and untreated limb may simply reflect discomfort due to bilat-
eral surgical trauma, which may also contribute to the higher 
variability in motor and sensory function at the 3-day time point 
(figure  5). However, bilateral sensory hypersensitivity has also 
been noted in a variety of unilateral nerve injury models, including 
nerve freezing.34 39 40 A number of hypotheses have been posed to 
explain these phenomena, including systemic factors41 and central 
processing of pain.41–43 The current study design could not distin-
guish among these possibilities; as the primary outcome of this 
study was to evaluate motor function, an important extension of 
this work is the need for deeper evaluation of sensory outcomes.

Regarding motor deficits, we observed variable muscle weak-
ness ranging from normal to complete loss of function in the active 
treatment limbs. This may reflect variable and/or incomplete nerve 
injury and is consistent with both histological and clinical obser-
vations. Structural changes to the nerve bed were visible imme-
diately after cryoneurolysis and persisted throughout the 6 month 
recovery period. However, the degree and rapidity with which 
surrounding tissue thickened after the initial cycle of cryoneurol-
ysis may impact the delivery of consistent freeze damage within 
the nerve in subsequent freeze cycles.4 Consistent with functional 
loss at 3 and 14 days, axon counts generally trended downward 
at 3 days and recovered within 1 month; however, the variability 
in axonal reduction was also substantial. A vascular contribution 
to functional deficits has also been proposed,4 although such a 
mechanism is not intuitively apparent from our study. However, 
our observation of mesoneurial deposition of connective tissue 
(figure  3) may contribute to entrapment at longer time points, 
which may result in neurovascular compromise.44 45

Limitations
Due to potentially confounding effects of surgical exposure 
required for high-sensitivity functional testing, we were unable 
to follow the functional recovery of a single rat longitudinally. 
Thus, we relied on comparisons to contralateral sham controls, in 
which there may be some inherent baseline differences in structure 
and function.46 47 We powered our study to evaluate the primary 
outcome of motor function and, in this effort, we were successful. 
However, this sample size was likely underpowered for more subtle 
structural outcomes, including distinguishing between sensory and 
motor-specific histological outcomes. We also acknowledge that 
cryoneurolysis was not superposed on a model of pain, and so we 
could not evaluate its impact on pain relief. Finally, while modern 
clinical deployment of cryoneurolysis is frequently ultrasound 
guided and percutaneous, we acknowledge that the peroneal nerve 
was exposed during cryoneurolysis, an approach more commonly 
performed by surgeons in earlier studies.5 Percutaneous insertion of 
currently-available cryo-delivery cannulas would have been more 
challenging at the small scale of rat limbs; our technique enabled 
more consistent placement of the cannula on its target, providing 
us more confidence in our subsequent results. This approach may 
also be viewed as more conservative, as no motor deficits were 
observed in spite of the more invasive approach on a very small 
nerve target.

Conclusions
We combined a typical clinical cryoneurolysis protocol and a 
sensitive, validated rat peroneal nerve injury model to assess 
the effect duration of cryoneurolysis on motor function. When 
applied to a mixed sensorimotor nerve, cryoneurolysis did not 
result in persistent functional deficits.

Summary statement
When applied to a mixed sensory-motor nerve in Lewis rats, 
cryoneurolysis did not result in persistent structural or func-
tional motor deficits.
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