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STUDY DESIGN: Descriptive study.
OBJECTIVES: The study’s main objective was to describe the common targets of phenol neurolysis and review the safety and
efficacy of the dose used for this spasticity management procedure in people with spinal cord injury (SCI).
SETTING: An acute rehabilitation hospital.
METHODS: Data from people with SCI who underwent phenol neurolysis procedures for spasticity management between April
2017 and August 2018 were included in this study. We collected demographics and phenol neurolysis procedure-related
information.
RESULTS: A total of 66 people with SCI and spasticity underwent phenol neurolysis of 303 nerves over 102 encounters. During
these encounters, 97% of procedures were performed using both electrical stimulation and ultrasound guidance. The median (IQR)
total volume of 6% aqueous phenol used per encounter was 4.0 (2.0–6.0) ml with a median (IQR) of 1.5 (1.0–2.3) ml per nerve. The
most frequent target was the obturator nerve (33%), followed by the pectoral nerves (23%). Immediate post-phenol neurolysis
improvement or reduction in spasticity was reported for 92% of all documented encounters. There was no documentation of any
post-procedure-related adverse events in this cohort during this specified time frame.
CONCLUSIONS: Our findings suggest that phenol neurolysis can be safely used to manage spasticity in people with SCI under
combined electrical stimulation and ultrasound guidance. Further research is required to assess the procedure’s safety, efficacy, and
cost-effectiveness on patient-reported outcomes compared to other spasticity interventions.
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INTRODUCTION
Spasticity is a complication following an upper motor neuron injury
and a major cause of disability seen in many conditions, including
spinal cord injury (SCI). The prevalence of spasticity is up to 78% in
people with SCI, and the presence of problematic spasticity
requiring therapeutic interventions is seen in up to 49% of people
with SCI [1, 2]. The definition of spasticity has evolved to include an
umbrella of clinical signs and symptoms seen in various disease
processes involving injury to upper motor neurons such as multiple
sclerosis, stroke, brain injury, and spinal cord injury [3]. In recent
years, spasticity has been defined as disordered sensorimotor
control resulting from an upper motor lesion, presenting as
intermittent or sustained involuntary activation of muscles resulting
in an increase in tonic stretch reflexes (muscle tone), exaggerated
tendon jerks, clonus, and spasms [4, 5]. Poorly controlled severe
spasticity after SCI can result in multiple complications, including
joint contractures, inability to participate in therapy, skin breakdown,
decreased function, poor sleep, and poor quality of life [6–9].
The available therapeutic modalities for spasticity management

include stretching, electrical stimulation, vibration, splinting,
casting, braces, oral muscle relaxants, botulinum toxin injections,
chemical neurolysis with phenol or alcohol, and intrathecal
baclofen pump. The first-line treatment options for the

management of focal spasticity are botulinum toxin injections,
chemical neurolysis with phenol or alcohol and microsurgical
selective peripheral neurotomy [10–15]. Phenol is a cost-effective
option for treating spasticity compared to botulinum toxin
injections and microsurgical procedures [11]. Despite this differ-
ence in cost, phenol is not used widely for spasticity management
due to concerns for adverse effects such as loss of sensation and
dysesthesias [10, 16]. Additionally, compared to botulinum toxin
injections, the localization of target nerves for neurolysis could be
technically challenging and requires advanced training and
experience [11].
Phenol is typically used in 5–6% concentration for spasticity

management, and at a concentration of 5% and above, phenol
denatures protein resulting in axonal degeneration [17–19]. The
effects of neurolysis last longer with 5–6% concentration. Phenol
at <3% concentration causes demyelination and some axonal
destruction, resulting in shorter-lasting effects compared to a
5–6% concentration [20]. The immediate local anesthetic effects of
phenol result in instant spasticity relief [21, 22]. However, long-
term and full effects may take 7–9 days after injections due to the
time required for axonal degeneration, which may last 3–9 months
depending on the target nerve (e.g., main nerve versus motor
branch) and skill [22–24].

Received: 1 April 2022 Revised: 12 October 2022 Accepted: 29 November 2022

1Department of Physical Medicine and Rehabilitation, The University of Texas Health Sciences Center at Houston, Houston, TX, USA. 2TIRR Memorial Hermann, Houston, TX, USA.
✉email: radha.korupolu@uth.tmc.edu

www.nature.com/scsandc

1
2
3
4
5
6
7
8
9
0
()
;,:

http://crossmark.crossref.org/dialog/?doi=10.1038/s41394-022-00556-0&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41394-022-00556-0&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41394-022-00556-0&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41394-022-00556-0&domain=pdf
http://orcid.org/0000-0002-7419-6881
http://orcid.org/0000-0002-7419-6881
http://orcid.org/0000-0002-7419-6881
http://orcid.org/0000-0002-7419-6881
http://orcid.org/0000-0002-7419-6881
https://doi.org/10.1038/s41394-022-00556-0
mailto:radha.korupolu@uth.tmc.edu
www.nature.com/scsandc


There are various case reports, case series, and retrospective
studies reporting the utility of phenol or alcohol neurolysis in
various conditions affecting upper motor neurons [20, 25–29].
However, literature on the utility of phenol neurolysis in people
with spinal cord injury remains scarce. There are different
characteristics in spasticity among various etiologies. This may
lead to etiology-specific distributions of target nerves and phenol
dosing. Therefore, we conducted a retrospective descriptive study
of people with SCI and spasticity who received phenol neurolysis
to manage spasticity. The study’s main objective was to describe
the common targets of phenol neurolysis and review the safety
and efficacy of the currently used dose and procedure for
spasticity in people with SCI.

METHODS
A single-center retrospective chart review was conducted to identify
patients with spinal cord injury who underwent phenol neurolysis between
April 2017 to August 2018 for the management of spasticity. This study
was approved by the Institutional Review Board of the University of Texas
Health Science Center at Houston.
Patients with SCI undergoing at least one phenol neurolysis procedure

in inpatient or outpatient settings were included. The patient list was
obtained from billing encounters using the current procedure codes (CPT),
followed by the SCI diagnosis codes. The list was reviewed by two
investigators to identify people with spinal cord injury. Data were collected
by two investigators and audited by another investigator for accuracy.
Data collection included demographics, neurological level of injury, the
American Spinal Injury Association (ASIA) impairment scale (AIS),
procedure setting, and guidance used. It included procedure-specific
details such as targeted nerves or motor branches, the volume of phenol
used, and effectiveness assessment following injection. Concomitant use
of anti-spasticity oral medications, botulinum toxin injections, and
intrathecal baclofen pump therapy at the clinical encounter was also
recorded. Procedure-related data was gathered from procedure notes.
Demographics data, SCI details, pre-post spasticity assessment, and
adverse events related to the procedure, including pain, dysesthesias,
swelling, loss of sensation, and pneumothorax while injecting pectoral
nerves, were collected from the electronic medical records.

Descriptive analyses were performed to present baseline demographics
and injection details. If normally distributed, continuous data were
presented with mean and standard deviations (SD); otherwise, median
and interquartile ranges (IQR) were reported. Totals, frequencies, and
percentages were used to report categorical data.
To evaluate the effectiveness of phenol neurolysis for treating shoulder

adductor and hip adductor spasticity, we assessed differences in the
Modified Ashworth Scale (MAS) for these muscle groups before and up to
3 months after the procedure. These scores were extracted from clinic
notes performed by treating physicians before and after neurolysis. The
evaluation of MAS was performed by the treating physician. The Modified
Ashworth Scale quantifies spasticity using a scale ranging from 0, 1, 1+, 2,
3, and 4 with a higher number indicative of increased severity. The scale
was converted to the following numerical values: 0, 1, 2, 3, 4, 5 for
calculating the change in score and reporting the baseline score. The
converted scale was reported as converted MAS scale in the results section.

RESULTS
Patient demographics and injury characteristics
A total of 105 patients underwent phenol neurolysis in our
institution between April 2017 to August 2018. Among these, 66
patients with SCI were included in this study, and 39 subjects with
non-SCI diagnoses were excluded. There were 70% males with a
mean (SD) age of 50 [17] years (Table 1). The etiology of SCI for
most patients (88%) was traumatic and cervical level (61%) of
injury was most common. Among cervical traumatic SCI, the
majority of the people in the study had a neurological level of
C1–C4 and AIS A–C impairment (Table 1). For the 12% non-
traumatic SCI cases, diagnoses included transverse myelitis,
myelopathy, and non-progressive mass lesions such as arachnoid
cyst, epidural hematoma, and ependymoma. Among 66 patients,
52% had private insurance or private funding, and 46% had
government funding (Medicare and Medicaid).

Visit and injection details
There were 102 encounters, of which 61% were in the outpatient
setting, and 39% were in the inpatient setting (Table 2). The
majority of treatments (n= 92, 90%) were performed by a
physiatrist or trainees under the supervision of same physiatrists
with over ten years of experience with the procedure. Electrical
stimulation and ultrasound guidance were utilized in nearly all
patient visits (n= 99, 97%). During the 102 clinical encounters, a
total of 303 nerve or motor branches were injected.
There were 66 unique patients. Twenty patients received repeat

injections during this time frame; 10 had phenol neurolysis twice,
6 were injected three times, 2 were injected four times, and 2 were

Table 1. Baseline Characteristics.

Variables n= 66

Age in years

Mean (SD) 50 (17)

Median (IQR) 51 (38–62)

Time since onset of injury in months

Mean (SD) 54 (97)

Median (IQR) 18 (6.3–40)

Male, n (%) 46 (70%)

Diagnosis, n (%)

Traumatic SCI 58 (88%)

C1-C4 level, AIS A-C 18 (31%)

C5-C8 level, AIS A-C 12 (21%)

T1-S5, AIS A-C 16 (27%)

AIS D at any injury level 12 (21%)

Non-Traumatic 8 (12%)

Insurance, n (%)

Private 34 (52%)

Medicare 23 (35%)

Medicaid 7 (11%)

None 2 (3%)

AIS American Spinal Injury Association (ASIA) Impairment Scale, SD
standard deviation, IQR Interquartile range

Table 2. Procedure details and concomitant spasticity therapies.

Nerve block or motor point block n= 102

Inpatient procedures, n (%) 40 (39%)

Outpatient procedures, n (%) 62 (61%)

Guidance (n= 102)

Electrical Stimulation and Ultrasound 99 (97%)

Ultrasound only 2 (2%)

EStim only 1 (1%)

Concomitant treatment

Intramuscular Botulinum toxin 64 (63%)

Intrathecal Baclofen pump 15 (15%)

Oral Baclofen 79 (77%)

Oral Tizanidine 24 (24%)

Oral Benzodiazepine 4 (3.9%)

Oral Dantrolene 1 (1%)

Oral Methocarbamol 1 (1%)
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injected five times either same or different nerves during the
study time frame. Phenol neurolysis was most commonly injected
in proximal large muscle groups compared to smaller distal
muscle groups. Approximately two-thirds of the injections
(n= 201, 66%) involved the lower extremity. The obturator nerve
and motor branches (n= 101, 33%) to the hip adductors were the
most commonly injected lower extremity nerves. Other common
targets of the lower extremity were tibial motor branches to the
gastrocnemius and soleus muscles (Table 3). One-third of the
phenol neurolysis injections (n= 102, 34%) were performed on
the upper extremities, and the most common targets included the
medial and lateral pectoral nerves (n= 71, 23%) followed by
musculocutaneous motor branches to the biceps brachii and
brachialis muscles (Table 3).
A median (IQR) of 2 [2–4] nerves were injected during each

encounter with a median (IQR) of 4 [2–6] ml dose in total per
encounter. The total dose per encounter ranged from 0.2 to 20 ml.
However, 93% of the patients received a total dose of ≤10ml per
encounter. During each encounter, phenol median dose (IQR) was
1.5 (1.0–2.3) ml per nerve or nerve branch. At the time of the
clinical encounter, the most commonly reported concomitant
treatment was oral baclofen (n= 79, 77%) followed by botulinum
neurotoxin (n= 64, 63%).

Effect on spasticity
Information regarding the procedure’s immediate anesthetic
effect was documented for most of the encounters (n= 94,
92%). An immediate benefit resulting in decreased spasticity in
injected muscle groups was reported in all 94 encounters.
Most of the encounters post-injection MAS scores within

3 months of injections were not available to provide a change
in score for various targets except for the hip adductors and
shoulder adductors. For the lower extremity, 14 patients had
documented MAS values for a total of 28 hip adductor muscle
groups (right and left sides were counted separately). The mean
(SD) pre-injection converted MAS scale score (see methods) value
was 3.1 (0.8) with a mean (SD) reduction of 1.1 (1) post-procedure.
The median (IQR) time between the procedure and post-injection
patient assessment was 1.8 (1.4–2.0) months. For the upper
extremity shoulder adductors and internal rotators, 5 patients had
documented MAS values for a total of 8 muscle groups. The mean
(SD) reduction in the converted MAS score was 1 (0.75). The
median (IQR) time between the procedure and post-injection
patient assessment was 1.3 (1.2–2.2) months.

Safety
Progress notes till discharge and clinical notes during the follow-
up visits were reviewed. There were no procedure-related adverse
or safety events documented during this study period.

DISCUSSION
In this retrospective review, the majority of the participants were
middle-aged, and males with a cervical level of injury, which is
consistent with the current epidemiological distribution of SCI
[30]. Twenty patients received repeat phenol injections to the
same or different targets in our study. Unlike botulinum toxin
injections, there is no wait period between initial and repeat
phenol injections to various targets. However, one should allow at
least 7–9 days to allow completion of axonal degeneration to see
the full benefits of phenol prior to repeating injection to the same
nerves [22].
Obturator nerve and pectoral nerves innervating large proximal

muscles of lower and upper extremities such as hip adductors and
shoulder adductors were frequent targets of phenol in people
with SCI in this study. A recent study from our institution reported
practice patterns of phenol neurolysis for spasticity management.
It included people with stroke, traumatic and non-traumatic brain
injury, spinal cord injury, and multiple sclerosis [28]. In this study,
the most commonly injected targets were the sciatic motor
branches to hamstrings and tibial motor nerves to ankle plantar
flexors. These findings are likely due to a higher percentage of
patients in this cohort suffering from stroke and brain injury. A
similar finding was reported in another study of stroke patients
from the same institution [31]. This variation in common targets of
phenol neurolysis in stroke or brain injury and spinal cord injury
could be due to differences in spasticity patterns of cortical and
spinal origin.
The majority of the patients (93%) received ≤10ml phenol dose

per encounter. The median (IQR) dose per nerve was 1.5 ml
(1–2.3). The average dose during each procedure was below the
recommended dose reported in the current literature
[20, 21, 31, 32]. The combined electrical stimulation and
ultrasound guidance could have lowered the required dose
[28, 33]. Other factors include injector preference, the severity of
spasticity, and spasticity patterns involving mixed nerves that
require multiple injections targeting multiple motor branches. For
example, in this study obturator was the most common target,
which requires one injection targeting either the main obturator

Table 3. Distribution of phenol nerve blocks.

Nerve block or motor branch block n (%) Mean (SD) Median (IQR)

Upper extremity targets n= 102

Medial and Lateral Pectoral Nerves 71 (23%) 0.79 (0.35) 0.75 (0.50–1)

Musculocutaneous motor branches to Brachialis and Biceps 12 (4%) 1.3 (0.58) 1 (1−1)

Radial motor branches to Triceps 11 (3.6%) 1.2 (0.46) 1 (1–1.1)

*Thoracodorsal Nerve 7 (2.3%) 1.6 (0.98) 1 (1–1.3)

Median motor branches to Flexor Carpi Radialis 1 (0.33%) 0.5 (NA) 0.5 (NA)

Lower extremity targets n= 201

Obturator nerve or motor branches to hip adductors 101 (33%) 1.8 (0.96) 1.5 (1–2.5)

Tibial motor branches to Gastrocnemius and Soleus 40 (13%) 2 (1.2) 1.5 (1–3)

*Femoral motor branches to Quadriceps 34 (11%) 2.2 (1) 2 (1.5–3)

*Sciatic motor branches to Hamstrings 13 (4.3%) 2.6 (1.1) 3 (2–3)

*Sciatic motor branches to Adductor Magnus 7 (2.3%) 1.4 (0.45) 1.5 (1–1.6)

*Femoral motor branches to Sartorius 6 (2.0%) 2 (1.1) 2 (1–3)

*Variable is normally distributed
SD standard deviation, IQR interquartile range, NA not applicable.

R. Korupolu et al.

3

Spinal Cord Series and Cases            (2022) 8:90 



nerve or anterior branch of the obturator nerve. In studies
involving stroke and brain injury, sciatic nerve to hamstrings was
the most common target, with multiple sensory branches
innervating large sensory areas and multiple distal muscles
besides target muscle (hamstrings). Therefore, to prevent compli-
cations and gain optimal relief of spasticity, one needs to target
multiple motor branches to medial and lateral hamstrings,
requiring a higher dose. The mean (SD) improvement in the
MAS value was 1 (0.75) and 1.1(1) in the upper and lower
extremities, respectively, and these findings are consistent with
scarce data available on MAS scores in the current literature
[33, 34]. Though there is no data on effect size and minimal
clinically important difference (MCID) for MAS score in people with
SCI, this change in MAS score in our study exceeds the MCID of
0.76 and 0.73 reported for upper and lower extremities in the
stroke population [35].
There were no adverse events following phenol neurolysis in

this cohort during this time frame. Most of these procedures in
this study were performed under combined electrical stimulation
and ultrasound guidance. A recently published study where most
of the injections were performed under combined ultrasound and
electrical stimulation guidance either reported no adverse events
or <1% severe adverse events such as dysesthesias which is
consistent with the findings of our study [28, 31]. Historical data
suggests a higher incidence of adverse effects such as dysesthe-
sias ranging from 4–22% following phenol or alcohol neurolysis
when performed only under electrical stimulation guidance
[17, 36–40]. However, there is a lack of direct evidence comparing
outcomes of phenol neurolysis with and without ultrasound
guidance, including adverse effects.
Data from our study suggest that phenol neurolysis can be

safely utilized in people with spinal cord injury to manage
problematic spasticity. In combination with electrical stimulation,
ultrasound guidance can help reduce the dose and improve the
localization of the target nerves, which may increase the safety
margin of this procedure due to less spread to the adjacent
vasculature and nerve bundles. There should be extra caution
when injecting mixed nerves such as the musculocutaneous
nerve, radial nerve, tibial nerve, sciatic nerves, and femoral nerves
that carry sensory fibers for which neurolysis targets should be
motor branches to prevent sensory complications such as
dysesthesias and loss of sensation.
Individuals with cervical SCI often require management of

problematic spasticity in all four extremities. Over time, untreated
spasticity leads to a decline in function [41, 42]. Phenol neurolysis
may be used alongside other treatment modalities such as
botulinum neurotoxin, microsurgical selective peripheral neurot-
omy, intrathecal baclofen therapy, and oral medications for
optimal spasticity management in all four extremities [17, 43].
Microsurgical selective neurotomy can produce similar results to
phenol neurolysis [44]. However, this technique requires general
anesthesia and is an invasive procedure compared to phenol
neurolysis. These two factors likely increase this procedure’s costs
and risks compared to phenol neurolysis. Given the lack of studies
comparing outcomes, adverse effects, and costs of phenol
neurolysis and microsurgical peripheral neurotomy, it is vital to
conduct a study comparing these two procedures to improve the
quality of care.
Additionally, there are some unique case scenarios where

phenol neurolysis can be an excellent intervention with or without
botulinum toxin injections in patients with severe spasticity of
bilateral lower extremities for whom ITB therapy is not safe or
accessible for the following reasons: due to ongoing active
infection such as osteomyelitis, medical comorbidities which
increase the risks associated with elective surgery, lack of financial
resources for surgery and maintenance of ITB therapy, lack of
access to ITB and for those unable to commit to the surgery and
long-term maintenance required by this treatment. ITB is less

effective in relieving spasticity of upper extremities compared to
lower extremities in people with SCI [45]. In these scenarios,
botulinum toxin alone is not enough to manage spasticity in
multiple muscle groups of bilateral upper extremities in people
with SCI due to dosing restrictions imposed by funding agencies
or insurance companies. Proximal large muscle groups such as
pectoralis major muscles and latissimus dorsi are innervated by
pectoral and thoracodorsal nerves, which are motor nerves and
safe targets for phenol neurolysis with no concern for sensory
complications. Furthermore, ultrasound guidance improves the
safety of this procedure due to direct visualization of the pleura
and lungs under pectoralis major and latissimus dorsi. Similarly, in
the lower extremity, hip adductors innervated by the obturator
nerve are commonly involved large proximal muscle groups in
people with SCI. Though the obturator nerve is a mixed nerve, its
sensory innervation is confined to a very small area over the
medial side of the thigh [46].
This study has several limitations. This study reports data from

a single center, limiting the generalizability of the findings of this
study. There were no children with spinal cord injury in our
cohort, limiting the generalizability to the pediatric population
with SCI. Pre and post-injection evaluations with MAS were not
available for all patients, and a lack of a control group to compare
outcomes. Additionally, we didn’t have data on the effects of
phenol neurolysis on the range of motion, pain, activities of daily
living, functional mobility, and quality of life. Although no adverse
events were reported, it is possible that these events were not
recorded or occurred within the time frame of this study.
Although the procedure itself was found to be safe without any
complications, long-term adverse events may be missing in
the EMR.

CONCLUSION
In summary, our results suggest that phenol neurolysis in people
with SCI is well tolerated with an immediate qualitative
improvement documented by clinicians in the majority of the
cases. No immediate adverse events following neurolysis were
reported in this study using combined electrical and ultrasound
guidance. However, there is a lack of data from large sample on
objective quantitative measures on improvement of spasticity and
its effect on functional outcomes following phenol neurolysis
compared to other interventions in people with SCI. There is a
need for a future randomized clinical trial comparing cost and
clinical outcomes of phenol neurolysis compared to other
interventions such as botulinum toxin injection and intrathecal
baclofen therapy in people with SCI.

DATA AVAILABILITY
Additional data are available from the corresponding author on reasonable request.
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