
Creative Commons CC BY: This article is distributed under the terms of the Creative Commons Attribution 4.0 License  
(https://creativecommons.org/licenses/by/4.0/) which permits any use, reproduction and distribution of the work without further  

permission provided the original work is attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

https://doi.org/10.1177/27536351251340216

Advances in Rehabilitation Science 
and Practice

Volume 14: 1-10
© The Author(s) 2025

Article reuse guidelines: 
sagepub.com/journals-permissions

DOI: 10.1177/27536351251340216
journals.sagepub.com/home/rpo

Introduction

Spasticity is an umbrella term used to describe impair-
ments caused by the dysregulation of muscle tone and 
control occurring in the context of damage or dysfunction 
in the central nervous system. It is estimated to occur in 
up to 80% of spinal cord injury patients,1 up to 39.5% of 
stroke patients with paresis2 and 84% of patients with 
multiple sclerosis.3 Spasticity can manifest in impair-
ments such as pain and stiffness. It can substantially 
restrict activities and participation, such as by causing 
difficulties with personal care tasks and mobility, impact-
ing on quality of life.4

Available treatments such as oral anti-spasmodics, botu-
linum toxin injections and physical therapies can provide 
relief for patients living with spasticity, but each has 
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limitations.5-7 Botulinum toxin injections are now often 
considered a first line treatment for focal spasticity. 
However, they typically provide only temporary relief 
necessitating frequent repeat treatments (e.g. every 
3-4 months). This places a significant burden on both 
patients and healthcare providers, involving substantial 
time commitment and treatment associated costs.

Cryoneurolysis involves the controlled freezing and 
thawing of nerve tissue aimed at disrupting its function.8 
Since the 1970s, cryoneurolysis has primarily been used to 
target sensory nerves for the management of pain, but there 
is a growing interest in its potential application in the man-
agement of spasticity.9 Various cryoneurolysis devices have 
been developed, from desktop systems connected to exter-
nal gas cannisters, to handheld wireless systems containing 
small replaceable gas cannisters. Several of these devices 
have been licensed for clinical use in the United Kingdom 
for the management of pain. All of the systems work by 
moving highly pressurised, liquified gas around a closed 
loop system, through a needle’s hollow lumen, to the nee-
dle tip. At the needle tip it undergoes rapid expansion into a 
lower pressure space, thereby, through action described by 
the Joule Thompson Effect, dropping the needle tip tem-
perature towards the boiling point of the gas.8 The aim is to 
produce a sustained but reversible disruption to nerve func-
tion by causing axonotmesis at a temperature between 
−20°C and −100°C. Any warmer will either have no effect 
or produce a neuropraxia, resulting in only little or short-
lived effects, and any colder, an irreversible neurotmesis 
may occur.8 Gases with boiling points within this target 
temperature range are carbon dioxide and nitrous oxide, 
both of which are used in devices currently marketed for 
use in cryoneurolysis. Animal studies have demonstrated 
that exposure of nerves to these temperatures does indeed 
result in axonotmesis.10,11 After this degree of nerve injury, 
gradual regeneration and remyelination with normalisation 
of structure and function occurs within weeks to months. 
Case reports suggest that cryoneurolysis can lead to imme-
diate relaxation of the affected muscles, resulting in reduced 
pain as well as improved joint range of motion and enhanced 
functional mobility.12,13

Here we report an evaluation of the first cohort of 
patients treated as part of the introduction of cryoneurolysis 
for the management of spasticity related pain in an outpa-
tient spasticity service in the United Kingdom.

Materials and Methods

Cohort

Eight patients underwent cryoneurolysis in a spasticity out-
patient service. Patients ranged from 25 to 75 years of age 
and 3 were male. Diagnoses included stroke (n = 5), 
Cerebral Palsy (n = 1), Multiple Sclerosis with Progressive 
Multifocal Leukoencephalopathy (n = 1) and Hereditary 
Spastic Paraparesis (n = 1). All patients were well known to 
the service and had been previously treated with  
botulinum toxin but with only limited success and therefore 
had ongoing treatment goals. Patients deemed clinically 

suitable were only offered the treatment if they demon-
strated capacity to consent for treatment. The consent pro-
cess was informed by published literature exploring 
potential risks and benefits of the procedure from clinicians 
with experience using cryoneurolysis to manage pain and 
spasticity.8,14 Contraindications included Raynaud 
Syndrome, cryoglobulinaemia and cold urticaria. Risks 
explained during the treatment consent process included 
possible bleeding, bruising, infection, damage to the nerve 
or surrounding structures, persistent nerve pain, the poten-
tial for no or limited clinical effect, ‘frost bite’ and discol-
ouration of the skin at the site of cryoneurolysis. All patients 
provided written consent for the treatment. There were no 
patients who were offered the treatment and declined it. 
Data were collected routinely as part of the established pro-
tocol of the clinical service. The project was approved by 
standard hospital governance processes as a service evalu-
ation project and was therefore deemed not to require ethi-
cal approval. Data were handled in accordance with data 
protection protocols of the hospital and pseudonymised 
prior to analyses.

Treatment Procedures

All patients initially underwent diagnostic nerve blocks 
using 1% Lidocaine, to target nerves or nerve branches. 
Nerve localisation was carried out using an ultrasound and 
nerve stimulator. This approach mirrors that of published 
cases to date. Nerve blocks with local anaesthetic provide 
the patient and clinician with a temporary demonstration of 
the potential effects of cryoneurolysis. This informs the 
patient’s appropriateness for cryoneurolysis and supports 
the consenting procedure.

Patients deemed suitable went on to have cryoneurolysis 
on the same day. Additional 1% lidocaine was used to 
anaesthetise the skin for insertion of a needle introducer (a 
16G cannula) for the cryoprobe. The cryoprobe was then 
introduced to the target nerve or nerve branch. One or more 
110 second cycles of freezing and thawing were used for 
each nerve or nerve branch.

Assessments

Patients were assessed at baseline (pre-treatment) and at 3 
and 6 months post treatment. If treatment effects were 
found to be waning at 6 months, patients were reviewed 
again at 9 months (n = 3). If treatment effects were sustained 
at 6 months, patients were reviewed at 12 months only 
(n = 5). The outcome measures/scores at the ‘final time-
point’ were therefore either at 9 or 12 months. Additionally, 
patients were contacted at 1 to 3 days post procedure and 
again at 4 weeks to check for adverse effects.

Patient goals were set at baseline and reviewed at each 
follow-up appointment using the global assessment of ben-
efit (GAB) rating scale.15,16 This is a simple numerical 
scale, which can be used to rate the effects of a treatment 
and to quantify goal attainment. It is scored as −2 Much 
worse; −1 Worse; 0 The same; +1 A bit better or +2 Much 
better.
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Spasticity was assessed using the Modified Ashworth 
scale (MAS). The MAS is a commonly used clinical and 
research assessment tool for the measurement of 
spasticity.17

Patients also completed the Patient Reported Impact of 
Spasticity Scale (PRISM) questionnaire18,19 at each assess-
ment timepoint. There are 7 domains in the PRISM includ-
ing social avoidance/anxiety, psychological agitation, daily 
activities, need for assistance/positioning, social embar-
rassment, need for intervention and positive impact. In all 
domains apart from positive impact, higher scores repre-
sent greater severity.

For patients who received upper limb treatment, the 
ArmA questionnaire was completed20 and for those who 
received lower limb treatment, the LegA questionnaire was 
completed.21 The ArmA and LegA incorporate several 
domains including active function, passive care and quality 
of life (LegA only). The higher the score, the greater the 
impairment. A clinically important change in both ArmA 
and LegA is represented by a 3 point change in scores.

Finally, a patient experience questionnaire was adminis-
tered which included a 0 to 10 numerical rating scale of 
satisfaction.

Results

Goals

There were 24 goals across the patients (range 2 to 4 goals 
per patient), which broadly related to upper limb passive 
care (5 goals), upper and/or lower limb pain (5 goals) and 
function/participation/movement (14 goals). Goal attain-
ment using the global assessment of benefit (GAB) scale, at 
3, 6 months and final time points post-treatment is depicted 
in Table 1. All patients achieved at least one of their goals. 
All upper limb goals relating to passive care, pain on move-
ment and associated reactions were achieved. Only 2 out of 
5 goals relating to upper limb function/participation were 
achieved. The 3 goals not achieved were all for the same 
patient, including ‘improve ability to open hand without 
using the other hand’, ‘to be able to hold a knife’ and ‘to be 
able to hold a kettlebell’. All goals related to lower limb 
movement and walking were achieved. Limited goal data 

were available at the final time point, but of the 14 goals 
that were rated, all were identified to have been achieved.

Spasticity Measures

Six patients received cryoneurolysis treatment to their lower 
limbs. The nerves treated and the MAS scores for the cor-
responding muscles at each time point are shown in Table 2. 
Results were variable but show modest improvements in a 
majority of the cases. The MAS was reduced for at least 
6 months in 13 of 16 spastic muscles targeted with cryoneu-
rolysis treatment. Three of 6 patients had complete resolu-
tion of spasticity on MAS in triceps surae muscles, sustained 
at final follow-up at 9 to 12 months. Several muscles showed 
no clear change in MAS after treatment.

Six patients received cryoneurolysis treatment to their 
upper limbs (note: some patients had both upper and lower 
limbs treated). MAS scores at each time point are shown in 
Table 3. The findings across the cases are less consistent than 
those in lower limbs. A sustained reduction on MAS for up to 
6 months was shown in 9 of 21 spastic muscles targeted. 
Several muscles showed no or minimal changes in MAS.

Function and Passive Care Questionnaires

The LegAA and ArmA questionnaires were used with 
patients with relevant goals. All Individual scores are dem-
onstrated in Figure 1 and supplementary tables S1 and S2.

LegA

Only 3 patients completed section A (passive care) at base-
line. Two of the 3 experienced a clinically important improve-
ment (3 point reduction) at 3 months post-treatment, which 
was maintained for 1 patient at 6 and 12 months.

Six patients completed section B (active movements) 
at baseline, and 5 patients experienced a clinically mean-
ingful improvement at 3 months post-treatment. This 
improvement was maintained for 3 patients. One patient’s 
score worsened at 6 and 12 months compared to 3 months, 
but it remained better than at baseline. One patient had 
an initial worsening, but an improvement at the 6-month 
assessment.

Table 1.  Goals scored as −2, −1, 0, +1 or +2 using the global assessment of benefit (GAB) at each assessment timepoint. 

Categories
Number 
of goals

Score at 3 months 
post-treatment

Score at 6 months post-
treatment

Score at final timepoint post-
treatment (9 or 12 months)

−2 −1 0 +1 +2 −2 −1 0 +1 +2 −2 −1 0 +1 +2

UL – passive care tasks 5 0 0 0 1 4 0 0 0 1 4 0 0 0 0 5
UL – pain on movement 4 0 0 0 1 3 0 0 0 1 3 0 0 0 0 4
UL – Associated reaction of EF 2 0 0 0 1 1 0 0 0 0 2 0 0 0 0 2
UL – function/participation 5 0 0 3 0 2 0 1 2 0 2 0 0 0 0 3
LL – Movement and walking 7 0 0 0 0 7 0 0 0 0 7 0 0 0 2 4
LL – pain 1 0 0 0 0 1 0 0 0 0 1 0 0 0 0 1

Not all goals were scored at final timepoint.
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Table 2.  Lower limb modified Ashworth scores for each patient treated.

Nerves treated Muscle Baseline 3 months 6 months
Final time point 
(9-12 months)

Tibial trunk Soleus 1+ 0 1 0
  Gastrocnemius 1+ 0 1 0
  Tibialis posterior 1+ 1 1 1
Tibial trunk Soleus 2 no data 0 0
  Gastrocnemius 2 no data 0 0
  Tibialis posterior 1 no data 1 1
Branches of tibial nerve to soleus, 
gastrocnemius and tibialis posterior

Soleus 1 0 0 0
Gastrocnemius 1 0 0 0
Tibialis posterior 1+ 1 1 1+

Tibial trunk Soleus 1+ 1+ 1 1+
  Gastrocnemius 1+ 1+ 1 1
Femoral nerve Quadriceps no data 1 1 1
Tibial trunk Soleus 1+ 1 0 no data
  Gastrocnemius 1 1+ 1 no data
  Tibialis posterior 1 1+ 1+ no data
Branches of tibial nerve to gastrocnemius and 
soleus

Soleus 1+ no data 1 1
Gastrocnemius 1+ 1 1 1

Bilateral obturator nerves Hip adductors 1+ 0 1+ 1+

Table 3.  Upper limb modified Ashworth scores for each patient treated.

Nerves treated Muscle Baseline 3 months 6 months
Final time point 
(9-12 months)

Medial and lateral pectoral nerves Pectorals No data 1 1 1+
Musculocutaneous branch to brachialis Elbow flexors 1 0 0 1
Medial and lateral pectoral nerves Pectorals 1+ 1 1 1
Musculocutaneous nerve branch to biceps 
and brachialis

Elbow flexors 1+ 1+ 1+ 1+

Ulnar nerve branches to FCU Wrist flexors 1 1+ 1+ 1+
Medial and lateral pectoral nerve Pectorals No data No data No data No data
Ulnar nerve and median nerve Lumbricals 4 1 1+ 1
  Finger flexors (FDS) 1 0 0 1
Lateral and medial pectoral nerve Pectorals No data 0 1 No data
Latissimus dorsi IR of shoulder No data 1 No data No data
Musculocutaneous to biceps Elbow flexors 2 1 1 1+
Ulnar nerve Wrist flexors 1+ 1 1 1+
  Lumbricals 3 0 1+ 1+
  FDS/FDP 0 0 0 0
Lateral and medial pectoral nerve Pectorals No data 1 1 1+
Single branch to biceps and brachialis Elbow flexors 1+ 1+ 1+ 1+
Median nerve Finger flexors (FDS) 2 1 1+ 1+
  Finger flexors (FDP) 1 1 1 0
Lateral and medial pectoral nerve branch Pectorals No data No data 1 1
Musculo-cutaneous nerve – biceps branch Elbow flexors 1+ 0 1 1+
Median nerve Finger flexors (FDS) 1+ 1 1+ 2
  Finger flexors (FDP) 1 1 1 1+

Only 2 patients completed section C (impact/participa-
tion) at baseline, both of whom experience a clinically 
meaningful improvement at 3 months which then worsened 
at 6 months (remaining better than baseline for one).

ArmA

Six patients completed section A (passive care) at baseline, 
5 of whom experienced a clinically important improvement 

(3 point reduction) at 3 months post-treatment, which per-
sisted at 6 months. One patient had no improvement at 
3 months but had a meaningful improvement at 6 months 
which persisted till 12 months.

Five patients completed section B (active movements) at 
baseline. Four patients experienced a clinically important 
improvement at 3 months, and this persisted at 6 months for 
3 of them. One patient experienced an initial improvement, 
but at 12 months their score was worse than at baseline.
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Impact of Spasticity on Quality of Life 
(PRISM) Questionnaire

The completion rate for the PRISM questions varied across 
domains and timepoints. We excluded data from the final 
assessment, as only 5 patients filled in the questionnaire. 
For the remaining timepoints, we calculated the median 
across the 8 participants (Figure 2 and supplementary table 
S3). Domain 5 (positive) was excluded as the questions 
contributing were inconsistently completed. Overall, there 
is an indication towards an improvement at a group level 
from baseline to 3 months across domains, and the appear-
ance of plateau in score at 6 months.

Adverse Reactions

Potential adverse reactions including pain, bleeding and 
bruising were discussed with the patients as part of the con-
sent process (Table 4). As per routine care in the service, 
patients were given contact details for the department 
should they want to discuss any complications. Management 
of complications was informed by published literature on 
the use of cryoneurolysis in the management of pain and 
spasticity.8 Six out of 8 patients reported some general pain 
related to the procedure, lasting from a few days to 2 weeks. 
Three out those 6 patients then developed neuropathic pain 
1 to 2 weeks post procedure, which required additional 

treatment with pregabalin. One patient experienced signifi-
cant foot and leg pain, after treatment to the tibial nerve 
trunk; 1 patient experienced neuropathic pain in her medial 
forearm and palm, after treatment to branches of her mus-
culocutaneous nerve and median nerve; and 1 patient expe-
rienced neuropathic pain in the lateral forearm, palm and 
leg, following treatment to median, ulnar and tibial nerve 
trunks. At the 3 month follow up, all pain had resolved and 
pregabalin was either stopped or decreased to original 
dosage.

Two patients reported some bruising at the insertion 
sites after the treatment, which resolved quickly.

Three patients reported numbness. Forearm numbness 
was reported by 1 patient after treatment to branches of the 
musculocutaneous nerve, which resolved by 6 months; 
right leg knee to shin numbness was reported by 1 patient, 
after treatment to the obturator nerve, which remained at 
6 months but resolved by 12 months; and 1 patient reported 
numbness in her little finger, following treatment to the 
ulnar nerve, which persisted at 12 months.

Patient Satisfaction

At 6 months and final assessment timepoint (9 or 12 months), 
patients were asked to complete a patient satisfaction ques-
tionnaire that included a visual analogue scale to grade 
their overall satisfaction with the treatment and a question 

Figure 1.  Top Panel: LegA score over time for individual patients, A = passive care, B = active function, C = quality of life. Bottom 
Panel: ArmA score over time for individual patients. D = passive care, E = active function. Lower numbers indicate better function or 
quality of life.
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as to whether they would recommend the treatment to oth-
ers. All patients completed the questionnaire at 6 months 
post treatment and 5 out of the 8 patients completed it again 
at 12 months. At 6 months, 7 patients rated their satisfaction 
as 10/10 and 1 patient rated it as 9/10. Seven out of the 8 
patients stated they would recommend the treatment to oth-
ers (one questionnaire was incomplete and some questions 
remained unanswered). At 12 months, 4 out of the 5 patients 
rated their satisfaction as 10/10, one rated it as 8/10, and all 
stated they would recommend the treatment to others.

Patient Narratives

Ms X

Ms X is a 75 year old female who had a right basal ganglia 
stroke in 2020. She presented with significant left ankle inver-
sion and an associated reaction in her left elbow flexors when 
walking and standing. The ankle inversion limited her mobil-
ity such that she was unable to take a single step when not 
wearing her rigid ankle-foot orthosis. The associated reaction 
of her left elbow flexors impacted on her balance. Ms X had 
received regular Botulinum toxin injections in the outpatient 
spasticity service for over 2 years, with limited effect.

Ms X’s treatment goals were to

•• Reduce elbow flexion when walking
•• To improve foot contact with the floor to help stabil-

ity in walking
•• To reduce pain and discomfort on shoulder movement

Following positive results of diagnostic nerve blocks, Ms X 
underwent cryoneurolysis to her lateral and medial pectoral 
nerves, musculocutaneous nerve branch to brachialis and 
her tibial nerve trunk. The procedure was well tolerated and 
there was an immediate reduction in ankle inversion and 
the associated reaction of her elbow flexors. Immediately 
post treatment, Ms X was able to walk for the first time 
since her stroke without needing her ankle-foot orthosis.

Two weeks post treatment, Ms X developed signifi-
cant neuropathic pain around her foot and calf that dis-
turbed her sleep and limited her ability to weight bear on 
the affected leg. She temporarily moved in with her 
daughter to get additional care support. At its worst she 
rated the pain at 10/10 severity. She was started on twice 
daily Pregabalin which helped to ease the pain down to 
5/10 severity after 1 week. After 2 weeks, Ms X omitted 
the day time pregabalin dose and only required 50 mg at 
night to relieve the pain. By 3 months, Ms X had weaned 
off the pregabalin entirely.

Despite the post treatment neuropathic pain, Ms X rated 
her satisfaction with the procedure as 10/10 in the patient 
satisfaction questionnaire. All goals were rated at +2 Much 
Better on the GAB, at 12 months. At 6 months she wrote 
‘foot flat on floor, ankle turns over less, ankle more flexi-
ble, improved walking’ on her patient satisfaction question-
naire and again at 12 months her comments were ‘foot flat 
on floor, improved mobility’.

Given ongoing and stable benefits of the cryoneurolysis 
at 12 months, Ms X was discharged from routine follow up 
in the spasticity service.

Figure 2.  Median score across patients for each subcomponent of the PRISM. Lower values indicate less impact of spasticity.

Table 4.  Reports of adverse reactions at each assessment timepoint.

Adverse reaction <1 month 3 months 6 months Final timepoint

Pain post procedure 6 None None None
Persistent pain requiring additional treatment 3 Resolved None None
Bruising at site 2 None None None
Numbness 3 3 1 1
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Mr Y

Mr Y is a 60 year old man who had a right middle cerebral 
artery stroke in 2015. He presented with painful toe claw-
ing, which impacted on his balance and mobility; shoulder 
pain with movement, affecting daily care tasks; and severe 
pain and tightness in the hand and wrist making hand 
hygiene and care difficult. The pain and tightness in his 
hand was so significant, he had to have his wedding ring cut 
off after his stroke and could no longer hold hands with his 
wife.

He had been seen regularly in our outpatient spasticity 
service and received botulinum toxin injections for his left 
arm and leg for over 5 years. Mr Y was then listed for ten-
don lengthening surgery and hyperselective neurectomy to 
median nerve branch to finger flexor muscles.

Mr Y’s treatment goals were;

•• To feel more stable when walking
•• To be able to passively open the fingers of the left 

hand with less pain
•• To be able to raise left hand to mouth
•• To improve pain-free movement of the shoulder

After positive results from diagnostic nerve blocks, cry-
oneurolysis was performed on his medial and lateral pecto-
ral nerves, ulnar nerve, median nerve and tibial nerve trunk. 
Immediately post treatment, the pain and tightness of his 
hand reduced so much that he was able to put his wedding 
ring back on and managed to passively open his hand suf-
ficiently to hold hands with his wife for the first time in 
9 years. For his leg, the painful toe clawing reduced and he 
gained active ankle dorsiflexion, which improved his walk-
ing and stability.

Within 2 weeks, Mr Y developed neuropathic pain on the 
lateral cutaneous skin of his forearm, over his palm and on 
his heel. To manage the pain, his dose of pregabalin was 
increased and he was also prescribed a lidocaine patch. By 
3 months, all pain had resolved and he was able to wean the 
pregabalin dose to the original level.

Mr Y rated his satisfaction with the procedure as 9/10 
on the patient satisfaction questionnaire. All goals were 
self-rated as +2, Much better on the GAB at 3-, 6- and 
9-month follow-up appointments. At 6 months, there was 
some waning of effects for the upper limb and so Mr Y 
was reviewed again at 9 months. Mr Y chose to cancel his 
planned upper limb surgery and repeat cryoneurolysis was 
arranged instead.

Mr Z

Mr Z is a 50 year old male who suffered a right middle 
cerebral artery stroke in 2019. He had received regular 
botulinum toxin injections in the outpatient spasticity 
service for over 3 years, with limited benefit. He pre-
sented with tightness and pain of his hand and fingers, 
making hand hygiene and splint wear difficult, an asso-
ciated reaction of his elbow flexors and impaired mobil-
ity. His treatment goals were:

- � To be able to walk without the use of the ankle 
brace

-  To be able to apply the hand splint more easily

-  Improve comfort and ease of opening hand

- � To be able to grasp pulley with left hand to complete 
upper limb exercises

After positive results from diagnostic nerve blocks, Mr Z 
underwent cryoneurolysis to his lateral and medial pectoral 
nerve, musculocutaneous nerve branches to biceps and bra-
chialis, median nerve, tibial nerve and femoral nerve branch 
to rectus femoris. Mr Z experienced a few weeks of inter-
mittent neuropathic pain, but did not require any additional 
prescribed analgesics. The treatment was immediately suc-
cessful, and  had a significant impact on his quality of life. 
His goals were all rated as +2 ‘much better’ on the GAB at 
each follow-up time point and he rated his satisfaction with 
the procedure as 10/10. On the patient satisfaction ques-
tionnaires, he wrote ‘I have never been more confident as I 
am since stroke four years ago’ and ‘having my best life at 
the moment at home and at work.’ The benefits started wan-
ing at around 10 and a half months and at 12 months  repeat 
cryoneurolysis was arranged.

Discussion

The current paper presents clinical outcome data for the 
first 8 patients in the UK treated with cryoneurolysis for the 
management of spasticity and followed up over 9 to 
12 months. In this cohort, patients showed sustained goal 
attainment, particularly for passive care goals. Although 
there is no control group, and no statistical comparisons 
performed, there appeared to be an improvement at the 
group level in several outcomes. Improvements in passive 
function are suggested by both ArmA and LegA results. 
The patient reported impact of spasticity (PRISM) ques-
tionnaire showed notable reduction in the negative impacts 
of spasticity after cryoneurolysis in all domains, sustained 
up to at least 6 months. At an impairment level, Modified 
Ashworth Scale changes were modest. Given the other 
more positive findings in the cohort, this limited change in 
MAS may reflect limitations in the sensitivity of the scale, 
rather than lack of treatment effect.22 Future research should 
include additional measures of spasticity, such as the 
Modified Tardieu Scale as well as electromyography 
assessments.

The most common adverse effects were post-procedure 
pain and subsequent neuropathic pain lasting several weeks. 
This was typically treated with pregabalin. By 3 months 
post-treatment, all pain had resolved and pregabalin had 
either been stopped or decreased to its original dosage. This 
is consistent with reports from Winston et  al14 that pain 
typically resolve within 3 months of treatment. Nevertheless, 
future studies will need to continue to systematically moni-
tor adverse effects and explore ways to mitigate them.

Some data were missing in the case series. Whilst goal 
attainment was recorded for all patients at baseline and at 
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every follow-up point, Modified Ashworth Scale scores 
and patient reported outcome measures including LegA, 
ArmA and PRISM were less reliably collected. Unlike pro-
spective research studies, this was a real-world, descriptive 
case series relying on data recorded within existing records 
and this varied in completeness. The goal of the series was 
to illustrate patterns and highlight observations, rather than 
to draw conclusions based on statistical analyses. Reasons 
for incomplete data are likely several-fold, but the time bur-
den of completing lengthy patient reported measures in the 
context of a busy clinic setting probably contributed. 
Modified Ashworth Scale scoring at follow-up was also 
likely limited due to the short duration of follow-up appoint-
ments. Despite the missing data, the core clinical findings 
remain interpretable and consistent across cases.

These findings contribute to a growing literature base of 
uncontrolled studies that suggest a potential role of cry-
oneurolysis in the management of spasticity. However, it 
must be noted that, to our knowledge, no randomised con-
trolled studies have been completed to date. Despite some 
variability in outcomes and the pain reported by several 
patients in this cohort after the procedure, all patients were 
positive about their experience of the treatment.

Future Research

Assurance about the safety of cryoneurolysis can be drawn 
from over 40 years of its use in the management of pain.8 In 
addition, several animal studies have demonstrated that 
cryoneurolysis, at the temperatures thought to be reached 
by the devices currently available, causes reversible nerve 
injury or axonotmesis, with normalisation of nerve struc-
ture and function over time.11. However, in order to deter-
mine the role that cryoneurolysis should play in the 
multi-modal management of spasticity, several important 
questions must still be empirically answered in future 
studies.

How Should the Pain Occurring During the Procedure be Man-
aged?.  In the cohort described herein, patients received a 
diagnostic nerve block with local anaesthetic on the same 
day as the cryoneurolysis procedure. As such, pain during 
the procedure was limited. However, in routine practice, 
some clinicians do not anesthetise the nerve prior to cryo-
neurolysis. Anaesthetising the nerve removes the potential 
to stimulate it with the cryoprobe to confirm optimal probe 
position next to the nerve. However, without local anaes-
thetic, cryoneurolysis can be painful for patients.

What is the Rate, Duration and Impact of Post-Procedure Pain, 
and to What Degree is its Occurrence Modifiable Using Differ-
ent Treatment Approaches?.  Evidence from animal models 
suggest a correlation between partial neurolysis and subse-
quent hyperalgesia.23 Therefore, to avoid partial neurolysis, 
some clinicians suggest increasing the number and/or dura-
tion of freeze-thaw cycles, particularly for larger nerves. 
However, the ‘right’ number and duration of cycles for a 
given nerve is not yet known. In addition to the parameters 
of the treatment cycles themselves, nerve selection may 

also play a role in determining risk of post procedure pain. 
Although evidence is inconsistent, some studies of chemo-
neurolysis with phenol or alcohol suggest an increased risk 
of dysaesthesia with treatment of mixed motor sensory 
nerves. Chemoneurolysis and cryoneurolysis appear to 
cause different types of nerve injury. However, it is reason-
able to hypothesise that targeting motor nerve branches and 
motor points may reduce the chance of causing post-proce-
dure pain. However, it is the experience of the authors that 
at least transient neuropathic pain can occur after the treat-
ment of both motor branches and mixed motor-sensory 
nerves, perhaps related to the presence of sensory afferents 
within what are generally thought to be ‘pure motor’ 
nerves.24 Optimal nerve targets for cryoneurolysis that pro-
vide a clinically significant duration of effect with minimal 
side effects need to be formally studied.

When Post-Cryoneurolysis Pain Does Occur, How Is It Optimally 
Managed?.  The nature of any pain occurring post procedure 
must be determined prior to considering appropriate man-
agement. Soft tissue pain, such as due to over-stretch in the 
presence of diminished tone, and neuropathic pain have 
both been anecdotally reported. Validated assessment tools 
such as DN4 can be used to determine whether post-proce-
dure pain is neuropathic in nature.25 The authors have 
encountered a mixture of soft tissue and neuropathic pain in 
patients treated with cryoneurolysis. If neuropathic pain 
does occur, published and anecdotal reports suggest the use 
of a neuropathic pain agent such as a gabapentinoid.8,14 The 
authors have found this to be an effective approach for most 
post-procedure pain. If the pain is severe and persistent, cli-
nicians using cryoneurolysis for the management of pain 
have suggested repeating the cryoneurolysis, on the 
assumption that the pain is a result of incomplete neuroly-
sis. Others suggest using long-acting local anaesthetic 
blocks (e.g. bupivacaine or ropivacaine) with or without a 
steroid. There are no studies on which to base clinical prac-
tice recommendations.

How Does Cryoneurolysis Compare to Current Standards of 
Care, in Terms of its Efficacy, Cost Effectiveness and Resource 
Burden, and How Does It Fit Within the Multimodal Set of 
Treatment Options?.  As reported above, there are no pub-
lished controlled studies of cryoneurolysis in the treatment 
of spasticity. Reasonable comparators for future controlled 
studies include botulinum toxin, given its widespread use 
as a first line treatment, surgical neurectomy and chemo-
neurolysis with Phenol or Alcohol. This case series, sup-
ported by published observational studies, suggest that 
cryoneurolysis may result in a longer duration of effect 
when compared with botulinum toxin injections but this 
needs formal evaluation in a controlled study. The cost 
effectiveness of cryoneurolysis must also be investigated.

Summary

Here we demonstrate the potential utility of cryoneurolysis 
for the treatment of spasticity in a small cohort of patients 
with a variety of neurological conditions. Evaluation of 
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routine clinical data suggests that responses were typically 
positive, with all patients achieving at least one of their 
goals. Despite several outstanding questions which require 
controlled trials in the future, cryoneurolysis appears to 
represent a potentially positive development in the often 
slow-changing field of neurological rehabilitation.
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