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Background and Justification:

Contracture is defined as a limitation of the maximum passive range of motion (ROM) of
a joint due to shortening and changes of periarticular soft tissue structures; including
tendons, muscles and ligaments.” Once a contracture is present, management options
are limited and mainly includes surgery. Contracture contributes to the increased
disability, decreased functional ROM, decreased functional activities of daily living and
increased pain.? The incidence of contracture one year after spinal cord injury has been
reported to be as high as 66%, including 33% in elbow and forearm and 41% in wrist
and hand.? It may be present in up to 28% of patients within 3 months after stroke with
wrist as the most affected joint.# At 6 months, the incidence increases to 50%.°
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Contracture is not just limited to spasticity. It is seen in many neurogenerative and
musculoskeletal conditions and is most commonly found in the nursing home
population, with a prevalence of 61.2% in older adults in nursing homes in the United
States.® In Germany, contractures were also seen in 55% of nursing home residents
with significant medical and functional consequences.” In France, 8.8% of older adults
in nursing homes had a claw hand from contracture of wrist or finger flexors (claw
hand).®

While contracture can be the primary cause of severe pain, the presence of pain and
loss of dexterity significantly contribute to the development of the contracture. 4Thus,
pain management is a crucial part of contracture treatment. There are many guidelines
for pharmacological and non-pharmacological treatment of contracture and associated
pain such as botulinum toxin injection, physiotherapy, stretching, positioning and
surgery. While surgery has been recommended as the most effective treatment, it
requires to be done under general anesthesia and in an in-patient setting, which impose
many risks to patients especially in frail older population most likely to require
contracture management. °

Our group have been global pioneers in the use of cryoneurolysis to manage spasticity
and pain due to severe spasticity and contracture. (clinicaltrials.gov NCT04670783,
NCT05147441, NCT04907201) '%11.12.13,. The process first involves isolating the
targeted nerves that innervate the targeted muscles with ultrasound guidance (US) and
e-stimulation (e-stim) for motor nerves and mixed motor sensory nerves for pain. We
are completing enroliment on four studies with over 100 patients enrolled, in both the
outpatient and in-patient settings. Our published protocol shows a unique goal for
cryoneurolysis, to both decrease the tone and pain. The 2019, French Clinical guideline
for peripheral motor nerve blocks in a PRM setting,'* established the first expert opinion
paper for utilizing the DNB in spasticity and pain management. Through temporary
paralysis of a muscle by blocking the motor branches of the nerve and blocking the
sensory fibers by targeting the sensory fibers of related nerve, the DNB can result in
reduction of pain and muscle tone even in what may have been thought to be a fixed
contracture. The French guidelines claim the DNB forms the basis of optimal muscle
selection and whether to proceed to BoNT, neurectomy, or for a more refractory muscle
for surgical muscle lengthening.
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In our protocols, after a successful DNB to reduce pain and the muscle tone, a patient is
offered cryoneurolysis. This mini-invasive percutaneous procedure is performed using a
small 20-gauge cryoprobe. Cryoneurolysis has been used for over fifty years for pain
relief from months to years when used for sensory nerves. %16 Cryoneurolysis occurs
due to the process of throttling a gas through an orifice from high to low pressure
resulting in a rapid expansion of the gas and a drop in temperature, known as the Joule-
Thomson effect. The rapid cooling generates an ice ball or oval between 3.5 and 18 mm
that is formed at the tip of the with compressed N20 at temperatures typically at -88°
C. The ice causes a targeted zone of axon and myelin disruption, resulting in loss of
axon continuity due to Wallerian degeneration of the targeted nerve extending outward
from the lesion. However, the basal lamina, epineurium and perineurium of the targeted
nerve remain intact and serve as a tube for neural regeneration.'”-'® For over four years
we have been tracking outcomes of cryoneurolysis. Our initial results are published as
cases but are also in pre-publication prospective studies revealing significant pain
reduction. We have published several manuscripts on cryoneurolysis.'®'".12 Several
book chapters and a textbook are in in publication or published.® Cryoneurolysis is
cheaper, faster, and less invasive than surgical intervention for the treatment of severe
spasticity and contracture associated pain.

In Canada, one vial of BONT costs approximately $400. The typical patient can be
injected with 400 units up to four times a year, thus $6400 a year, indefinitely. Patients
are often treated outside the product monograph, off label, with 600 units, and for over
ten years, thus treatments may cost many tens of thousands of dollars. A one-time
treatment with cryoneurolysis would cost approximately $725 and could potentially last
for years, more in line with surgical neurectomy or tendon lengthening, yet with no
recovery time surgery.

After witnessing the reduction in pain from contracture with cryoneurolysis in our
experience, we propose to measure its effect prospectively and systematically on pain
reduction in patients with wrist and hand severe spasticity or contracture due to any
underlying disease. These patients are already undergoing cryoneurolysis in our clinic,
with our island health allotment of cryoneurolysis equipment as well as those that were
enrolled in our now completed upper extremity study. All patients are deemed
candidate for cryoneurolysis based on their positive responses to DNB.
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Purpose:

The purpose of this pilot study is to evaluate if cryoneurolysis will be effective to control
pain in patient with wrist and hand contracture. Also, to evaluate if there is any
correlation between pain reduction with improvement in ROM and spasticity reduction in
participants who are already candidate for DNB and cryoneurolysis. The results will
increase our knowledge about cryoneurolysis and if it can be used just for pain control
and in patients with fixed contracture.

Objectives:

1. To evaluate the effect of cryoneurolysis on pain in patients with hand and wrist
contracture.

2. To assess any changes in wrist and fingers ROM and spasticity in patients with
hand and wrist contracture.

3. To evaluate if there is any correlation between changes in ROM and spasticity
with pain

4. To record any changes in pain medication that they receive for pain
management.

Hypotheses:

1. Cryoneurolysis can be used as a pain control tool in patients with wrist and hand
contracture.

2. Cryoneurolysis can improve wrist and finger ROM and spasticity in patients with
hand and wrist contracture.

3. Pain reduction after cryoneurolysis is independent from the increase in ROM and
spasticity reduction.

4. The needs for pain medication will decrease after the procedure.

Research Design:

This project constitutes a single-centre, prospective cohort study. Data collection will
occur at the Victoria General Hospital (VGH) spasticity clinic. Patients with severe
spasticity and contracture are referred to this clinic for different procedures including
cryoneurolysis. This study will not interfere or change the patients’ medical care. We will
do the assessments for the patients who are already candidates for this procedure as a
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part of their treatment, besides other provided medical cares and have been accepted
to receive it.

All measurements are a part of routine assessment for patients with severe spasticity
and contracture.

The evaluation will be done for them after receiving oral and written consent.

Methods:

The assessment will be done at baseline, 2 weeks, 1 month and 3 months after being
enrolled in the study in the same day of their appointments with Dr. Winston and
includes;

1. Passive and any active range of motions (ROM) of wrist, second and fifth MCP and
PIP joints and thumb palmar and radial abduction will be measured by goniometer.
Spasticity will be measured based on Modified Ashworth Scale (MAS).

2. The maximum distance between the pulp of the most flexed finger and thumb and the
palm of the hand will be measured in centimeter. This distance will be measured
during maximal passive extension of the fingers and thumb while the assessor keep
the wrist in neutral (or as close to neutral as possible )position.

3. Intensity of pain in the wrist and hand area will be measured by NRS (numerical
rating scale), for patients with sufficient cognitive capacity. In this test patients will be
asked to score their pain on scale of 0 to 10. Patients who cognitively are not able to
score their pian will be assessed by CNPI scale (Checklist of Nonverbal Pain
Indicators). In this scale the patient will be observed at rest and during any movement
and any nonverbal vocal complaints, facial grimaces, bracing, restlessness, rubbing
of the affected area and verbal vocal complaints will be scored accordingly. Pl will
decide which one of these 2 methods is applicable, based on their assessments,
patients’ record and in consult with their caregivers.

4. Goal Attainment Scale (GAS): This is a patient-oriented scale to deliver the patient
their desired outcomes. Up to 3 individualized, SMART (specific, measurable,
achievable, realistic and timed ) goals will be negotiated between participants,
caregivers and their physician. At the final visit, they will be asked if they are satisfied
with each of these goals and the response will be scored accordingly.
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5. Hand hygiene: the evaluator will assess the patients’ hands to determine the extent
of palm maceration, ulceration or infection; cleanliness of the palm, ease of cleaning
and nail trimming; and the effect of hygiene-related disability on other areas of
functioning. This assessment is a part of disability assessment scale (DAS). The
score ranges from 0 to 3 based on the severity of the maintaining the hand hygiene.

6. A review of analgesics required from patient or caregiver.

7. We will record a video while we are doing the clinical assessment. These videos will
be used by Dr. Winston for training purposes. During the recording the face will be
excluded with a barrier. Any other recognizable marks such as any tattoos will be
blurred to maintain the privacy and security of the patients . All patients would have
already had this done with their nerve blocks before the procedure. We will remind all
patients not to say their names or anything that might identify them to maintain the
privacy.

Statistical Analysis:

A convenience sample of n = 25 patients will be included in this study. This is
consistent with existing volumes of consultations to our clinics. Study recruitment will
include all patients with wrist and hand contracture that are considered for
cryoneurolysis. The outcome measures that we will use are standard clinical measures,
but effect sizes are not readily available from previous studies to formally calculate
sample size. Furthermore, our study uses an exploratory prospective cohort design,
rather than a parallel group trial design, limiting the rationale for providing a sample size
calculation.

To assess for statistically significance, a paired t-test on the difference of proportions,
applicable to pre-treatment and post-treatment, will be performed. We will employ
repeated measures or linear mixed (multilevel) models of change to analyze within-
person trajectories in all key outcomes for the intensive repeated measures data
spanning the 4-month study period. Such models derive individual parameter estimates
for baseline function and change pursuant to nerve or surgical procedure and will
directly index the magnitude in improvement for each outcome with everyone serving as
their own control (i.e., with change indexed relative to everyone’s own personal
baseline). If normal distribution in the outcomes does not stand, McNemar’s test and
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Spearman correlations will be calculated instead of paired t-test and Pearson’s
correlation, respectively.

The correlation between range of motion and pain score will be reviewed by Pearson’s
correlation and or Spearman's rank correlation at single time point. The improvement of
range of motion or pain scores during two visits will be compared by two sample t test or
Wilcoxon rank sum test.

Inclusion criteria:

1. Adult patients(at least 18 years old).

2. Severe claw hand with less than 4 cm distance between the pulp of the fingers and
palm of the hand.

3. MAS>= 3 in wrist and hand muscles interfering with function or causing a clinical
problem, due to any neurological condition.

4. Have refractory pain in wrist and hand area with no response to the usual pain
management methods including oral medication or botulinum toxin injection.

5. Patients are already candidate for cryoneurolysis for pain and spasticity in their hand
and wrist, based on their response to DNB.

6. Ability to attend testing sessions, comply with testing protocols and provide written
informed consent. For patients who physically are not able to complete the consent
process, a witness may be asked to sign and confirm their willing for participation.
Legal representative may be asked to help with consent process for participants who
cognitively are not able to consent on their behalf.

Exclusion Criteria:

1. Have undergone any previous peripheral nerve procedures in their affected side, for
the treatment of spasticity, including previous cryoneurolysis, chemical neurolysis,
neurectomy or arthroplasty.

2. Patients who received botulinum toxin in past 4 months in the same targeted muscles
for cryoneurolysis, however, they may enter the study at the 4-month mark.

Recruitment:

a) Dr. Winston, as a physiatrist with expertise in neurorehabilitation of chronic
neurological conditions that results in spasticity, will inform all prospective patients that
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are already elected to undergo DNB and cryoneurolysis to advise them that the study is
being conducted. With permission, patients or their legal representative will be
contacted by the research assistant. The consent form will be offered to the patients
when they are offered and selected to undergo a cryoneurolysis. The legal
representative will be asked to help with consent process in participants who are
physically or cognitively unable to consent. They can either consent at the time of first
treatment or at their preference they will have several weeks to review and consider the
desire to participate.

b) Recruitment of participants will be through spasticity clinic at Victoria General
Hospital, where Dr. Winston offers DNB and cryoneurolysis to the patients, routinely, as
a part of their standard care to manage pain and spasticity. As a member within the
circle of care, he will approach participants regarding obtaining permission for RAs to
initiate contact, as per above.

c) Prospective participants will be identified as per the point above.

d) Many of the patients are expected to come from Long Term Care Facilities. We will
contact the facility to see if it is easier for our team to do an in facility follow up rather
than arranging transport.
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