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Safety and effectiveness of 
thermal radiofrequency applied 
to the musculocutaneous nerve 
for patients with spasticity
Sergio Otero-Villaverde *, Jacobo Formigo-Couceiro , 
Rosa Martin-Mourelle  and Antonio Montoto-Marques 

Physical Medicine and Rehabilitation Department, Complexo Hospitalario Universitario A Coruña, 
A Coruña, Spain

Objective: Evaluate safety and effectiveness of thermal radiofrequency in the 
musculocutaneous nerve in patients with focal elbow flexor spasticity.

Design: Ambispective observational follow-up study. Patients with focal 
spasticity secondary to central nervous system injury with elbow flexor pattern 
who received thermal radiofrequency treatment in the musculocutaneous 
nerve between 2021 and 2023 were included.

Subjects: 12 patients.

Methods: Ultrasound-guided thermal radiofrequency was applied to the 
musculocutaneous nerve at 80°C for 90  s. Effectiveness was assessed prior to 
thermal radiofrequency and at 6 months using scales to measure pain (VAS), 
spasticity (MAS), disability (DAS), quality of life (SQol-6D), patient-perceived 
and physician-perceived satisfaction (PIG-C, PGA), and goal attainment (GAS). 
Elbow joint range of motion was evaluated via goniometry. Safety was evaluated 
by assessing side effects.

Results: Patients had statistically significant improvements in spasticity 
(p  =  0.003), severe elbow flexion (p  =  0.02), pain (p  =  0.046), functioning 
(p  <  0.05), and spasticity-related quality of life (p  <  0.05  in three sections). 
Furthermore, treatment goals were attained. Patient- and physician-perceived 
clinical improvement was achieved. Regarding side effects, two patients had 
dysesthesia that was self-limiting, with maximum duration of 1 month.

Conclusion: Thermal radiofrequency in the musculocutaneous nerve can be a 
safe, effective treatment for patients with severe spasticity with an elbow flexor 
pattern.
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Introduction

Spasticity is caused by cerebral or spinal central nervous system injury and forms part 
of upper motor neuron syndrome (1). It entails a very broad and highly variable range of 
clinical consequences. They can range from nothing of importance or mild or even beneficial 
effects (2) to severe repercussions for the patient, including pain, joint deformity, difficulty 
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in hygiene, or interference with functioning and basic activities of 
daily living (3), causing severe problems and affecting quality of life 
(4, 5) for both the patient and caregivers.

In some patients, focal spasticity may cause joint movement 
limitation; hinder patient positioning, hygiene, and management by 
the caregiver; and can even cause pain when it is severe. In select cases, 
peripheral nerve neurolysis is a treatment option to consider when 
other more conservative options have failed (6).

Radiofrequency (7, 8) (RF) aims to produce a therapeutic effect in 
patients using an electrical current. Its use in medicine is not new; 
indeed, it has been used in highly varied diseases such as cancers or 
cardiological diseases and especially as a technique for pain relief, 
forming part of routine clinical practice in pain units, among other 
indications. Therefore, there is very robust evidence on its safety if 
used in the appropriate conditions. In regard to the use of RF in 
patients with spasticity, the literature is scarce and limited. Most 
publications are on its use in the axial area (9–13) applied to the dorsal 
and lumbar roots or ganglia or on its use as a means for performing a 
rhizotomy (14–17). However, regardless of location, the studies are of 
poor methodological quality. In regard to the use of RF in the 
peripheral nerve, there is even less scientific support, with just two 
publications (18, 19) that are described below. Therefore, the use of RF 
in spasticity is very uncommon nowadays—it has practically fallen 
into disuse—which is reflected in the age of many of the publications. 
The current level of evidence that supports its use is very low.

There are only two publications in the literature on performing 
neurolysis using thermal radiofrequency (TRF), both of which are 
case reports on a single patient. The first publication is quite old (18), 
dating to 1987, and the other is recent, from 2023 (19). The results are 
positive, but they offer a very low level of scientific evidence. No other 
publications were found on the use of radiofrequency in any of its 
forms—thermal, pulsed, or cold—on the peripheral nerve for patients 
with spasticity.

This article aims to evaluate the safety and effectiveness of 
treatment with TRF applied to the musculocutaneous nerve (MCN) 
in patients with severe elbow flexor spasticity secondary to central 
nervous system injury that is refractory to the usual conservative 
treatment with physical therapy and botulinum toxin type A (BTA).

Methods

Participants

This research study was conducted in the Physical Medicine and 
Rehabilitation Department Outpatient Clinics of the A Coruña 
University Hospital Complex.

All patients in follow-up with the Rehabilitation Department who 
met the following inclusion criteria were selected: (1) Signed informed 
consent form. (2) 18 years of age or older. (3) Diagnosis of spasticity 
secondary to central nervous system injury. (4) Elbow flexor spasticity 
pattern (5) Severe elbow flexor spasticity pattern refractory to 
conservative treatment including physical therapy, orthotics, oral 
pharmacology, and BTA. (6) Patients have undergone treatment with 
TRF in our rehabilitation service since its implementation in 2021 
to 2023.

All patients with exclusion criteria were not selected: (1) Informed 
consent form no signed. (2) Age under 18 years. (3) RF treatment 

applied to patients without central nervous system injury. (4) RF 
application to any spastic pattern other than the elbow flexor pattern. 
(5) Any other non-thermal RF modalities. (6) Failure to follow up 
after RF treatment, for any reason, for at least 6 months.

Intervention

This is an ambispective observational follow-up study. This study 
has a retrospective and a prospective part. The retrospective part 
encompasses the period from January 2021 to September 2022 (seven 
patients) who had had the technique performed. The prospective part 
encompasses the period from October 2022 to June 2023 (five 
patients) who agreed to have the procedure performed. All patients 
included in this study signed an informed consent form for having the 
radiofrequency technique performed and for publication of the results.

This study was approved by the Drug Research Ethics Committee 
of Galicia (DREC-G) with a favorable ruling and registration code 
2023/153.

Hypothesis
TRF in the MCN is a safe and effective treatment for severe 

spasticity in patients with an elbow flexor pattern that is refractory to 
conventional treatments.

Primary endpoint
The primary endpoint is spasticity evaluated using the Modified 

Ashworth Scale (MAS) (20) (Figure 1). Improvement was mainly 
determined by improvement in the joint range of motion limitation 
measured in degrees using goniometry (Figure 2).

Secondary endpoints
Secondary endpoints were evaluated using the following scales: 

Visual Analog Scale (VAS) (21), Goal Attainment Scaling (GAS) (22), 
Physician Global Assessment (PGA) (23), Patient Global Impression 
of Change (PGI-C) (24), Disability Assessment Scale (DAS) (25), and 
Spasticity-related Quality Of Life 6-Dimensions (SQoL-6D) (26). Any 
side effects that occurred were evaluated.

Duration of radiofrequency effect time: 
minimum follow-up of 6 months

Description of the intervention
The intervention involved the use of RFT on the MCN according to 

the usual protocol performed in the A Coruña University Hospital 
Physical Medicine and Rehabilitation Department. RFT is the 
application of an alternating current of low intensity and very high 
frequency: 500,000 Hz. When the current passes through the tissues, 
they present a resistance, so part of the current is converted into heat, 
which is the physical principle that we want to apply by raising the 
temperature to 80°C, thus causing nerve ablation. The RF equipment 
was a G4™ RF Generator G4™ Cosman. Marlborough, Massachusetts. 
To perform the TRF procedure, grounding pads were placed separate 
from the electrode in the patient’s body. After antiseptic measures in the 
area to be treated, the MCN was located using ultrasound (Fujifilm 
Sonosite SII ultrasound machine, 6–13 MHz linear probe; Figure 3). 
Using an in-plane ultrasound-guided approach, a 
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temperature-controlled, 6-cm, 22G RFT cannula with a 5-mm active tip 
was introduced toward the MCN (Figure 4). Then, the sensory nerve 
was stimulated at <0.5 V. It was considered positive if paresthesia 
occurred in the anatomic location innervated by the MCN. After, motor 
stimulation at <0.5 V was performed and was considered positive if 
elbow flexor muscle contraction was observed. With positive nerve 
stimulation ensuring the appropriate location and distance of the 

cannula, an MCN block was performed with the injection of 4–6 mL of 
mepivacaine 2%. The local anesthetic was allowed to take effect for 4 
mins and once effective analgesia was reached, the TRF procedure 
began, reaching a temperature of 80°C for 90 s. Afterwards, the 
procedure was completed with the injection of one 2-ml vial of 
betamethasone (Celestone® Cronodose suspension for injection). To 
summarize, the whole procedure is done at the same time with the same 
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Pre-: Pre-procedure. Post-: Post-procedure.

FIGURE 2

Elbow flexor pattern degrees.
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cannula, first the nerve is located with ultrasound, then the cannula is 
inserted in the direction of the nerve, the stimulation is performed to 
ensure its correct positioning, the nerve block is performed with local 
anesthetic so that the procedure is not painful, and then TRF is activated 
reaching 80°C.

Statistical analysis

The SPSS Statistics software package was used for the statistical 
analysis (27). The result of a test was considered significant if the 
α error was less than or equal to 0.05. Given the sample’s 
characteristics—especially the small sample size—a non-parametric 
test was used for comparisons, namely the Wilcoxon signed-ranks 
test for paired samples.

Results

Twelve patients with severe focal elbow spasticity refractory to 
conventional treatment who received TRF of the MCN were included. 
Of the 12 patients, 10 were men and two were women. The mean age 

was 58.3 years (range 39–81). The most common neurological disease 
was stroke, which affected seven patients (four ischemic and three 
hemorrhagic), followed by three patients with traumatic brain injuries, 
one patient with cerebral palsy, and one patient with Parkinson-plus 
syndrome. Of the 12 procedures, four were performed in the right 
upper limb and eight in the left.

Before undergoing TRF treatment, all patients had had 
conservative treatment, which at minimum consisted of conventional 
physical therapy and BTA, without reaching the goals set in regard to 
the elbow flexor pattern.

Prior to TRF, most patients had severe spasticity with an elbow 
flexor pattern as defined by the MAS scale (Figure 1). Nine patients 
had MAS 4/4, two patients had 3/4, and one patient had 2/4. After the 
procedure, all patients except one had clinical improvement. One 
patient had MAS 0/4; six had 1/4; two had 1+/4; one had 2/4; one had 
3/4; and one did not improve, continuing to score 4/4. These findings 
were statistically significant (p = 0.003). Therefore, it can be concluded 
that TRF is an effective treatment for spasticity with an elbow 
flexor pattern.

Most patients had severe elbow flexor pattern (Figure  2) 
evaluating using goniometry. For the goniometric measurements, a 
manual goniometer with a fulcrum and scale in degrees was placed 
on the lateral face of the elbow. Prior to TRF, the patients had a mean 
non-reducible passive joint stiffness in maximum extension of −70.4° 
(range: −30° to −100°). After treatment, they had clear clinical 
improvement, with a mean flexion of −20° (range: 0° to −55°). This 
finding was also statistically significant (p = 0.02).

With respect to pain evaluated using the VAS scale (Table 1), 
patients also had a statistically significant improvement (p = 0.046) 
after treatment.

Functioning was evaluated using the DAS scale (Tables 2, 3). 
Statistically significant improvement was achieved on its four sections, 
indicating that patients had improvement in hygiene, dressing, limb 
position, and pain (p < 0.05 for all).

The SQoL-6D scale was administered as a tool for evaluating 
spasticity-related quality of life (Tables 4, 5). Statistically significant 
improvement was attained in three of its sections: improvement in 
elbow joint range of movement, improvement in caring for the 
affected upper limb, and improvement in mobility and/or balance 
during gait in patients who walk. No significant improvements were 
observed in the functional use of the upper limb, which stands to 
reason given that patients have severe spasticity and severe underlying 
neurological involvement with little or no function or voluntary 
movement. No statistically significant changes were observed in 
regard to spasms, given that this was an uncommon symptom in these 
patients (only present in one patient, with the score decreasing from 
two before treatment to one after treatment).

Goal attainment was evaluated using the GAS scale. The effect was 
smaller than expected in two patients (GAS −1), the expected effect 
was attained in six patients (GAS 0), the effect was greater than 
expected in three patients (GAS +1), and the effect was much greater 
than expected in one patient (GAS +2). The mean GAS scale score was 
0.3, indicating that the treatment goals were attained.

The PGA scale was used to assess the physician’s impressions of 
the treatment results, with a mean score of 2.2. The PGI-C scale was 
used to assess the patient’s subjective improvement, with a mean score 
of 1.8. Therefore, it can be concluded that patient- and physician-
perceived clinical improvement was achieved.

FIGURE 3

TRF in MCN technique.

FIGURE 4

TRF in MCN technique. CM, Coracobrachialis muscle; N, Needle; 
MCN, Musculocutaneous nerve; H, Humerus.
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The main aim of this work was not only to evaluate effectiveness, 
but also to assess safety and monitor side effects. The side effect of 
dysesthesia occurred in two patients, both of whom reported it in the 
lateral face of the forearm, but not in the arm or the hand. This area is 
innervated by the lateral antebrachial cutaneous (LABC) nerve, a 
purely sensory terminal component of the MCN where it does not 
have motor function. It was mild in the first patient (VAS 2) and 
yielded in a self-limiting manner after 2 weeks. It did not require any 
treatment (no analgesia, which was offered but refused by the patient). 
The paresthesia was more severe in the other patient (VAS 5) and was 
controlled with a low dose of pregabalin 75 mg/12 h. It yielded entirely 
after 1 month, allowing for full suspension of the drug and good 
progress afterwards. In both cases, the overall improvement was 
significant and the treatment goals were attained (GAS 0) at 6 months 
after the procedure. Both continue in follow-up in the Rehabilitation 
and Physical Medicine Department Outpatient Clinics and have not 
had recurrence of pain or other complications at 1 year.

Discussion

The treatment approach to spasticity must be individualized and 
take into account various factors: etiology, time since onset, prognosis, 
distribution, location, severity, presence of medical comorbidities, and 
both the patient’s and caregivers’ treatment goals (28, 29).

The usual treatment options include physical therapy; the use of 
positioning splints (30, 31); or the use of shock waves, a treatment 
supported by a growing number of studies (32, 33).

Within pharmacological treatment, there is oral medication (34) 
such as baclofen, gabapentin, diazepam, or tizanidine or intramuscular 
drugs such as BTA (35, 36), which is especially indicated in localized 
focal spasticity in specific muscle groups, allowing for selective action 
in the target muscle to be  treated. The use of intrathecal baclofen 
pumps can be  considered for the treatment of severe generalized 
spasticity (37). Other techniques were very commonly used in the 
past, such as denervation with phenol or ethyl alcohol, but are less 
commonly used at present given the risk of side effects such as 
paresthesia or dysesthesia described in the literature (38, 39). 

Techniques such as neuroablation (e.g., DREZotomy) or 
neuromodulation (e.g., spinal stimulation) are rarely used because 
they are invasive, carry a higher risk, and their efficacy is poorly 
established in the literature.

In certain patients with severe spasticity, these treatments may not 
be enough. Treatment-resistant spastic patterns may persist despite 
them, causing stiff joint positions that interfere with hygiene and basic 
activities of daily living such as dressing and eating; hinder walking; 
and even cause pain that can be  severe, with the consequent 
deterioration in quality of life (40).

TRF treatment in patients with spasticity is a palliative treatment 
for severe cases that are refractory to habitual conservative 
management, such as what is described above. Although 
radiofrequency has been successfully used for years in various 
diseases, its use in spasticity is novel and at present, there is little 
scientific support in the literature. It is also not without potential 
complications, which is why it has been used in so few patients with 
spasticity to date.

It is recommended to always perform TRF on the MCN with a 
guidance system, such as ultrasound in this case (41), both for 
greater precision and safety and to be able to evaluate possible 
anatomical variations.

The MCN is a mixed nerve (41), but is predominantly motor. It 
originates in the lateral cord of the brachial plexus. It then enters the 
coracobrachialis muscle and exits between the brachialis and biceps 
brachii muscles, providing motor innervation to these three muscles 
without sensory innervation in the arm. At its entry into the forearm, 
it is known as the LABC, which is a purely sensory terminal branch 
innervating the lateral face of the forearm only, without motor 
innervation of any muscle in this area. Therefore, this nerve is very 
important in elbow flexor pattern spasticity, given that the biceps 
brachii and brachialis muscles are responsible for the majority of 
elbow flexion. This nerve can be used to treat spastic elbow flexor 
patterns that are resistant to conventional treatment.

An MCN block was performed on the patients in this study. It 
is always recommended to do so for diagnostic and prognostic 
purposes. In fact, this technique is a novel manner to differentiate 
between joint spasticity and ankylosis. In this procedure, the area 

TABLE 1 VAS.

VAS No pain Mild Moderate Severe

Pre Post Pre Post Pre Post Pre Post

n 5 7 1 3 4 2 2 0

% (IC 95%) 41.7% (18.0–68.8%) 58.3% (31.2–82.0%) 8.3% (0.9–32.8%) 25.0% (7.6–52.9%) 33.3% (12.5–61.2%) 16.7% (3.6–43.6%) 16.7% (3.6–43.6%) 0.0% (.–.)

P1 0.046*

VAS, Visual Analog Scale; Pre, Pre-procedure; Post, Post-procedure. 1Significance: Wilcoxon signed-ranks test for paired samples. *Significance (p < 0.05).

TABLE 2 DAS.

DAS Pre-procedure 
hygiene

Post-procedure 
hygiene

Pre-procedure 
dressing

Post-procedure 
dressing

n 12 12 12 12

Mean (SD)1 1.5 (0.8) 1.0 (0.6) 2.0 (0.9) 1.3 (0.5)

Median (IQR)2 1.5 (1.0–2.0) 1.0 (1.0–1.0) 2.0 (1.0–3.0) 1.0 (1.0–2.0)

p3 0.034* 0.038*

1SD, standard deviation; 2IQR, interquartile range; 3Significance, Wilcoxon signed-ranks test for paired samples. *Significance (p < 0.05).
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around the MCN was infiltrated with a local anesthetic. If the 
block is performed and has a positive effect—that is, the elbow 
flexion improves significantly—this indicates that there is no 
ankylosis and therefore the elbow flexion is secondary to spasticity, 
which is able to be improved with radiofrequency. On the other 
hand, if the effect of the block is negative—that is, there is no 
change in elbow flexion—then there is established joint stiffness 
and neither very high doses of BTA or RF techniques will 
be  effective; surgery would be  the only remaining treatment 
option. Therefore, a nerve block allows for evaluating the potential 
improvement one can expect to achieve with TRF. This provides a 
reliable idea of the potential benefit that can be expected with TRF 
and the patient can then determine whether he or she wants to 
undergo the procedure or not.

The authors believe that TRF is indicated when there is a positive 
nerve block of the MCN in patients with severe spasticity refractory to 
conventional treatments. TRF is a natural next step to a nerve block, as 
the goal is to prolong the positive effects of acting on a nerve beyond the 
limited period of time that the effects of a local anesthetic last (6).

In patients with spasticity, if the muscle activity generated by the 
MCN is clinically detrimental and improves with a nerve block, 
conventional or thermal radiofrequency would be indicated (6). This 
causes a nervous system lesion due to elevation of the temperature 

around the active tip of the cannula to 80°C. This was applied in this 
protocol for 90 s after using a local anesthetic to prevent pain during the 
procedure. Afterwards, a corticosteroid injection was given to prolong 
the local analgesic and anti-inflammatory effect. Thus, the aims of 
radiofrequency on the MCN are to achieve prolonged improvement in 
the elbow joint range of motion; improve spasticity; improve pain; 
improve positioning, including in gait pattern; and ultimately to 
improve the patient’s and his/her caregivers’ quality of life.

After conducting a literature search, to the best of our knowledge 
there are just two publications on this technique. Both are case reports 
on a single patient in which TRF is used for peripheral nerve 
neurolysis. The first publication is quite old (18), dating to 1987, and 
describes the simultaneous use of TRF in two peripheral nerves in a 
single patient: the obturator nerve and the posterior tibial nerve. The 
other publication is recent (19), from 2023. It is also a single case 
report in which TRF was used on two motor branches of the femoral 
nerve and obturator nerve, with positive results. However, these works 
offer a low level of scientific evidence.

Even regarding RF in any location and of any type, the literature is 
scarce, heterogeneous, and of low methodological quality. All articles 
available are either a single case report or a case series. The article with 
the largest number of patients (16) dates to 1983. It describes 30 patients, 
most of whom had spastic quadriplegia or paraplegia secondary to 

TABLE 5 SQoL-6D.

SQoL-6D Pre-procedure 
care

Post-
procedure care

Pre-procedure 
use

Post-
procedure use

Pre-procedure 
mobility/
balance

Post-
procedure 
mobility/
balance

n 12 12 12 12 12 12

Mean (SD)1 2.3 (0.8) 1.5 (0.7) 4.0 (0.0) 3.9 (0.3) 2.1 (0.8) 1.6 (0.9)

Median (IQR)2 2.0 (2.0–3.0) 1.0 (1.0–2.0) 4.0 (4.0–4.0) 4.0 (4.0–4.0) 2.0 (2.0–2.0) 1.0 (1.0–2.0)

p3 0.014* 0.317 0.014*

1SD, standard deviation; 2IQR, interquartile range; 3Significance, Wilcoxon signed-ranks test for paired samples. *Significance (p < 0.05).

TABLE 3 DAS.

DAS Pre-procedure 
position

Post-procedure 
position

Pre-procedure pain Post-procedure pain

n 12 12 12 12

Mean (SD)1 2.5 (0.5) 1.2 (0.4) 1.3 (1.3) 0.5 (0.7)

Median (IQR)2 2.5 (2.0–3.0) 1.0 (1.0–1.0) 1.0 (0.0–2.5) 0.0 (0.0–1.0)

p3 0.003* 0.047*

1SD, standard deviation; 2IQR, interquartile range; 3Significance, Wilcoxon signed-ranks test for paired samples. *Significance (p < 0.05).

TABLE 4 SQoL-6D.

SQoL-6D Pre-procedure 
pain

Post-
procedure pain

Pre-procedure 
spasms

Post-
procedure 

spasms

Pre-procedure 
joint range of 

movement

Post-
procedure joint 

range of 
movement

n 12 12 12 12 12 12

Mean (SD)1 1.1 (1.2) 0.6 (0.7) 0.2 (0.6) 0.1 (0.3) 3.0 (0.9) 1.2 (0.6)

Median (IQR)2 1.0 (0.0–2.0) 0.5 (0.0–1.0) 0.0 (0.0–0.0) 0.0 (0.0–0.0) 3.0 (2.0–4.0) 1.0 (1.0–1.5)

p3 0.131 0.317 0.003*

1SD, standard deviation; 2IQR, interquartile range; 3Significance, Wilcoxon signed-ranks test for paired samples. *Significance (p < 0.05).
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traumatic brain injury, who underwent TRF for foraminal rhizotomies. 
Another article (15) with a similar methodology on 25 patients was 
published 1 year later, in 1984. There are other articles on pulsed 
radiofrequency (PRF) used on the dorsal root ganglion (9–13), mostly 
in pediatric patients (9–12). The publication with the greatest number 
of patients (11) included 20 children with hip adductor spasticity of 
heterogeneous etiology; the article offers a low level of scientific 
evidence as it is a case series. There is another publication on two 
patients with spinal cord injuries in whom PRF was used on the dorsal 
root ganglion (13) Lastly, there is a case report on a single patient with 
traumatic brain injury and severe generalized spasticity of the lower 
limbs who received TRF in the dorsal root entry area (42). All these 
studies showed positive results, but offer a low level of scientific evidence.

This article is the most extensive case series on TRF on a 
peripheral nerve, in this case the MCN, that has been published 
in the literature. It shows positive results, with improvement of 
elbow joint range of motion evaluated using goniometry, 
improvement in severe spasticity according to the MAS scale, and 
improvement in pain according to the VAS scale. The goals agreed 
upon with the patient or caregiver were generally achieved, as 
reflected in the GAS scale; a decline in disability was observed, as 
assessed by the DAS scale; and there was an improvement in 
quality of life according to the SQol-6D scale. There was also 
improvement on the patient’s global impression measured via the 
PGI-C scale and an improvement in the physician’s global 
assessment measures via the PGA scale. All of these results were 
statistically significant.

It should be taken into account that TRF is an ablative treatment 
in which the nerve is subjected to thermal burning. It is not proposed 
as first-line treatment, but rather for severe cases in which conservative 
treatments have failed. It is an interventionist technique and not 
without potential complications. However, the literature supports its 
use, with extensive experience in other diseases demonstrating that it 
is a safe technique when used in the appropriate conditions. In this 
case series, 16% (two of the 12 patients) had dysesthesia in the lateral 
antebrachial cutaneous nerve area, but it was mild and self-limiting in 
time. One case did not require treatment. In the other, the symptoms 
lasted for 1 month and yielded after administering pregabalin, with no 
later recurrence and suspension of the drug. Both patients continue in 
follow-up in the rehabilitation outpatient clinics and have not had any 
recurrence of pain or other complications after 1 year.

Limitations

The main limitations of this study are the small sample size and 
the lack of a control group. It would be desirable to conduct a higher 
quality, prospective, randomized, placebo-controlled or fenol/alcohol-
controlled study in the future. A longer follow-up time would 
be desirable in order to evaluate the effect over the longer term.

Conclusion

In light of this study’s results, the authors believe that TRF in the 
MCN can be  a safe, effective technique for treating spasticity in 
patients with central nervous system injury and a severe elbow flexor 

pattern. It improves spasticity, elbow joint range of motion, and pain; 
decreases disability; improves patient- and physician-perceived 
quality of life; and achieves the treatment goals proposed. What’s 
more, this technique can be performed in rehabilitation departments 
outpatient clinics.

This technique can be effective in specific patients and it expands 
the armamentarium for spasticity treatments. The authors hope this 
article marks the beginning of an expansion of TRF use for improving 
the quality of life of patients with spasticity while awaiting future 
studies of a greater methodological quality that corroborate the 
suitability of this technique’s widespread use.

Data availability statement

The original contributions presented in the study are included in 
the article/supplementary material, further inquiries can be directed 
to the corresponding author.

Ethics statement

This study was approved by the Drug Research Ethics 
Committee of Galicia (DREC-G) with a favorable ruling and 
registration code 2023/153. The studies were conducted in 
accordance with the local legislation and institutional requirements. 
The participants provided their written informed consent to 
participate in this study. Written informed consent was obtained 
from the individual(s) for the publication of any potentially 
identifiable images or data included in this article.

Author contributions

SO-V: Conceptualization, Data curation, Methodology, Writing – 
original draft, Writing – review & editing. JF-C: Conceptualization, 
Supervision, Writing – original draft, Writing – review & editing. 
RM-M: Writing – original draft, Writing – review & editing. 
AM-M: Supervision, Writing – original draft, Writing – review & 
editing.

Funding

The author(s) declare financial support was received for the 
research, authorship, and/or publication of this article. This research 
was funded by a competitive grant from Spanish Society of Physical 
Medicine and Rehabilitation with Ipsen sponsor. The authors report 
no involvement in the research by the sponsor that could have 
influenced the outcome of this work.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

https://doi.org/10.3389/fneur.2024.1369947
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Otero-Villaverde et al. 10.3389/fneur.2024.1369947

Frontiers in Neurology 08 frontiersin.org

Publisher's note

All claims expressed in this article are solely those of the 
authors and do not necessarily represent those of their affiliated 

organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher.

References
 1. Lance JW. The control of muscle tone, reflexes, and movement: Robert Wartenberg 

lecture. Neurology. (1980) 30:1303–13. doi: 10.1212/WNL.30.12.1303

 2. Wahlquist GI. Evaluation and primary management of spasticity. Nurse Pract. 
(1987) 12:27–32. doi: 10.1097/00006205-198703000-00003

 3. Ward AB, Kadies M. The management of pain in spasticity. Disabil Rehabil. (2002) 
24:443–53. doi: 10.1080/09638280110108878

 4. Pandyan AD, Hermens HJ, Conway BA. Neurological rehabilitation: Spasticity and 
contractures in clinical practice and research. 1st ed. Boca Raton: Rehabilitation Science 
in Practice Series, CRC Press (2018).

 5. Thompson AJ, Jarrett L, Lockley L, Marsden J, Stevenson VL. Clinical management of 
spasticity. J Neurol Neurosurg Psyhchiatry. (2005) 76:459–63. doi: 10.1136/jnnp.2004.035972

 6. Samitier Pastor CB, Climent Barbera JM, Cutillas Ruiz R, Formigo Couceiro J, 
Vázquez DA. Guía clínica para el tratamiento de la espasticidad: consenso y algoritmos 
[Clinical practice guideline for the treatment of spasticity: Consensus and algorithms]. 
Rehabilitacion. (2022) 56:204–14. doi: 10.1016/j.rh.2021.11.004

 7. Wray JK, Dixon B, Przkora R. Radiofrequency ablation. Treasure Island (FL): 
StatPearls (2022).

 8. García A, Mena A, De Leon FJ, Perdomo S, Corchero DA, et al. Manual de técnicas 
de radiofrecuencia en rehabilitación intervencionista. (2019).

 9. Vles GF. Percutaneous radiofrequency lesions adjacent to the dorsal root ganglion 
alleviate spasticity and pain in children with cerebral palsy: pilot study in 17 patients. 
BMC Neurol. (2010) 10:52. doi: 10.1186/1471-2377-10-52

 10. de Louw AJ, van Kleef M, Vles JS. Percutaneous radiofrequency lesion adjacent to 
the dorsal root ganglion in the treatment of spasticity and pain in children with cerebral 
palsy. Pain Pract. (2002) 2:265–8. doi: 10.1046/j.1533-2500.2002.02035.x

 11. de Louw AJ, van Kleef M, Vles JS. Percutaneous radiofrequency treatment adjacent 
to the dorsal root ganglion as a treatment modality for spasticity in children. 
Neuromodulation. (2005) 8:190–1. doi: 10.1111/j.1525-1403.2005.05237-7.x

 12. Vles J, Troost J. Radiofrequency lesions of the dorsal root ganglion in the treatment 
of hip flexor spasm: a report of two cases. Eur J Paediatr Neurol. (1997) 1:123–6. doi: 
10.1016/S1090-3798(97)80044-X

 13. Chang MC, Cho YW. Effects of pulsed radiofrequency on spasticity in patients 
with spinal cord injury: a report of two cases. Neural Regen Res. (2017) 12:977–80. doi: 
10.4103/1673-5374.208593

 14. Coleman P. The problem of spasticity in the management of the spinal cord-
injured patient and its treatment with special reference to percutaneous radiofrequency 
thermal selective sensory rhizotomy. J Neurosurg Nurs. (1976) 8:97–104. doi: 
10.1097/01376517-197612000-00005

 15. Kasdon DL, Lathi ES. A prospective study of radiofrequency rhizotomy in the 
treatment of posttraumatic spasticity. Neurosurgery. (1984) 15:526–9. doi: 
10.1227/00006123-198410000-00009

 16. Herz DA, Parsons KC, Pearl L. Percutaneous radiofrequency foramenal 
rhizotomies. Spine. (1983) 8:729–32. doi: 10.1097/00007632-198310000-00008

 17. Herz DA, Gregerson M, Pearl L. Rehabilitative neurosurgery. Neurosurgery. (1986) 
18:311–5. doi: 10.1227/00006123-198603000-00009

 18. Kanpolat Y, Cağlar C, Akiş E, Ertürk A, Uluğ H. Percutaneous selective RF neurotomy 
in spasticity. Acta Neurochir Suppl. (1987) 39:96–8. doi: 10.1007/978-3-7091-8909-2_25

 19. Pascoal A, Lourenço C, Ermida FN, Costa A, Carvalho JL. Ultrasound-guided 
percutaneous radiofrequency thermal Neuroablation for the treatment of adductor and 
rectus Femoris spasticity. Cureus. (2023) 15:e33422. doi: 10.7759/cureus.33422

 20. Ansari NN, Naghdi S, Arab TK, Jalaie S. The interrater and intrarater reliability of 
the modified Ashworth scale in the assessment of muscle spasticity: limb and muscle 
group effect. NeuroRehabilitation. (2008) 23:231–7. doi: 10.3233/NRE-2008-23304

 21. McCormack HM, Horne DJ, Sheather S. Clinical applications of visual analogue scales: 
a critical review. Psychol Med. (1988) 18:1007–19. doi: 10.1017/S0033291700009934

 22. Turner-Stokes L. Goal attainment scaling (GAS) in rehabilitation: a practical guide. 
Clin Rehabil. (2009) 23:362–70. doi: 10.1177/0269215508101742

 23. Delgado MRDysport in PUL study group. Efficacy and safety of abobotulinumtoxinA 
for upper limb spasticity in children with cerebral palsy: a randomized repeat-treatment 
study. Dev Med Child Neurol. (2021) 63:592–600. doi: 10.1111/dmcn.14733

 24. Heinen F. IncobotulinumtoxinA for the treatment of lower-limb spasticity in 
children and adolescents with cerebral palsy: a phase 3 study. J Pediatr Rehabil Med. 
(2021) 14:183–97. doi: 10.3233/PRM-210040

 25. Brashear A, Zafonte R, Corcoran M, Galvez-Jimenez N, Gracies JM, Gordon MF, 
et al. Inter- and intrarater reliability of the Ashworth scale and the disability assessment 
scale in patients with upper-limb poststroke spasticity. Arch Phys Med Rehabil. (2002) 
83:1349–54. doi: 10.1053/apmr.2002.35474

 26. Turner-Stokes L, Fheodoroff K, Jacinto J, Lambert J, De La Loge C, Calvi-Gries F, 
et al. The spasticity-related quality of life 6-dimensions instrument in upper-limb 
spasticity: part I development and responsiveness. J Rehabil Med. (2022) 54:jrm00244. 
doi: 10.2340/jrm.v53.690

 27. IBM Corp. IBM SPSS statistics for windows, version 29.0. Armonk, NY: IBM Corp. 
(2022).

 28. Katalinic OM, Harvey LA, Herbert RD, Moseley AM, Lannin NA, Schurr K. 
Stretch for the treatment and prevention of contractures. Cochrane Database Syst Rev. 
(2010). doi: 10.1002/14651858

 29. Ibuki A, Bach T, Rogers D, Bernhardt J. The effect of tone-reducing orthotic 
devices on soleus muscle reflex excitabilitywhile standing in patients with spasticity 
following stroke. Prosthetics Orthot Int. (2010) 34:46–57. doi: 10.3109/ 
03093640903476802

 30. Doucet BM, Mettler JA. Effects of a dynamic progressive orthotic intervention for 
chronic hemiplegia: a case series. J Hand Ther. (2013) 26:139–47. doi: 10.1016/j.
jht.2012.10.001

 31. Ferrer Pastor M, Iñigo Huarte V, Juste Díaz J, Goiri Noguera D, Sogues Colom A, 
Cerezo DM. Revisión sistemática del tratamiento de la espasticidad en el adulto con 
daño cerebral adquirido [systematic review of the treatment of spas-ticity in acquired 
adult brain damage]. Rehabilitacion. (2020) 54:51–62. doi: 10.1016/j.rh.2019.06.006

 32. Martínez IM, Sempere-Rubio N, Navarro O, Faubel R. Effectiveness of shock wave 
therapy as a treatment for spasticity: a systematic review. Brain Sci. (2020) 11:15. doi: 
10.3390/brainsci11010015

 33. Yang E, Lew HL, Özçakar L, Wu CH. Recent advances in the treatment of 
spasticity: extracorporeal shock wave therapy. J Clin Med. (2021) 10:4723. doi: 10.3390/
jcm10204723

 34. Halpern R, Gillard P, Graham GD, Varon SF, Zorowitz RD. Adhe-rence associated 
with oral medications in the treatment of spasticity. PM R. (2013) 5:747–56. doi: 
10.1016/j.pmrj.2013.04.022

 35. Dressler D, Altavista MC, Altenmueller E, Bhidayasiri R, Bohlega S, Chana P, et al. 
Consensus guidelines for botulinum toxin therapy: general algorithms and dosing tables 
for dystonia and spasticity. J Neural Transm. (2021) 128:321–35. doi: 10.1007/
s00702-021-02312-4

 36. Sun LC, Chen R, Fu C, Chen Y, Wu Q, Chen R, et al. Efficacy and safety of 
botulinum toxin type a for limb spasticity after stroke: a Meta-analysis of randomized 
controlled trials. Biomed Res Int. (2019) 2019:1–17. doi: 10.1155/2019/8329306

 37. Santin-Amo JM, Flores-Justa A, Román-Pena P, Raposo-Furelos M, Frieiro-Dantas 
C, Serramito García R, et al. Intrathecal baclofen as a treatment for spasticity: review of 
the cases treated in our hospital. Neurocirugia. (2019) 30:288–93. doi: 10.1016/j.
neucir.2019.05.001

 38. Horn LJ, Sing G, Dabrowski E. Chemoneurolysis with phenol and alcohol: a “dying 
art” that merit revival In: A Barashear and E Elie, editors. Spasticity diagnosis and 
management. New York: Demosmedical (2011).

 39. Lee DG, Jang SH. Ultrasound guided alcohol neurolysis of musculo-cutaneous 
nerve to relieve elbow spasticity in hemiparetic stroke patients. NeuroRehabilitation. 
(2012) 31:373–7. doi: 10.3233/NRE-2012-00806

 40. Baker JA, Pereira G. The efficacy of botulinum toxin a for limb spasticity on 
improving activity restriction and quality of life: a systematic review and meta-analysis 
using the GRADE approach. Clin Rehabil. (2016) 30:549–58. doi: 10.1177/ 
0269215515593609

 41. Kaymak B, Kara M, Gürçay E, Aydin G, Özçakar L. Selective peripheral neurolysis 
using high frequency ultrasound imaging: a novel approach in the treatment of 
spasticity. Eur J Phys Rehabil Med. (2019) 55:522–5. doi: 10.23736/S1973-9087.18.05295-4

 42. Monaco BA, Lopes AJM, Teixeira MJ. Ultrasound-guided DREZotomy: technical 
note. Stereotact Funct Neurosurg. (2019) 97:127–31. doi: 10.1159/000500491

https://doi.org/10.3389/fneur.2024.1369947
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1212/WNL.30.12.1303
https://doi.org/10.1097/00006205-198703000-00003
https://doi.org/10.1080/09638280110108878
https://doi.org/10.1136/jnnp.2004.035972
https://doi.org/10.1016/j.rh.2021.11.004
https://doi.org/10.1186/1471-2377-10-52
https://doi.org/10.1046/j.1533-2500.2002.02035.x
https://doi.org/10.1111/j.1525-1403.2005.05237-7.x
https://doi.org/10.1016/S1090-3798(97)80044-X
https://doi.org/10.4103/1673-5374.208593
https://doi.org/10.1097/01376517-197612000-00005
https://doi.org/10.1227/00006123-198410000-00009
https://doi.org/10.1097/00007632-198310000-00008
https://doi.org/10.1227/00006123-198603000-00009
https://doi.org/10.1007/978-3-7091-8909-2_25
https://doi.org/10.7759/cureus.33422
https://doi.org/10.3233/NRE-2008-23304
https://doi.org/10.1017/S0033291700009934
https://doi.org/10.1177/0269215508101742
https://doi.org/10.1111/dmcn.14733
https://doi.org/10.3233/PRM-210040
https://doi.org/10.1053/apmr.2002.35474
https://doi.org/10.2340/jrm.v53.690
https://doi.org/10.1002/14651858
https://doi.org/10.3109/03093640903476802
https://doi.org/10.3109/03093640903476802
https://doi.org/10.1016/j.jht.2012.10.001
https://doi.org/10.1016/j.jht.2012.10.001
https://doi.org/10.1016/j.rh.2019.06.006
https://doi.org/10.3390/brainsci11010015
https://doi.org/10.3390/jcm10204723
https://doi.org/10.3390/jcm10204723
https://doi.org/10.1016/j.pmrj.2013.04.022
https://doi.org/10.1007/s00702-021-02312-4
https://doi.org/10.1007/s00702-021-02312-4
https://doi.org/10.1155/2019/8329306
https://doi.org/10.1016/j.neucir.2019.05.001
https://doi.org/10.1016/j.neucir.2019.05.001
https://doi.org/10.3233/NRE-2012-00806
https://doi.org/10.1177/0269215515593609
https://doi.org/10.1177/0269215515593609
https://doi.org/10.23736/S1973-9087.18.05295-4
https://doi.org/10.1159/000500491

	Safety and effectiveness of thermal radiofrequency applied to the musculocutaneous nerve for patients with spasticity
	Introduction
	Methods
	Participants
	Intervention
	Hypothesis
	Primary endpoint
	Secondary endpoints
	Duration of radiofrequency effect time: minimum follow-up of 6 months
	Description of the intervention
	Statistical analysis

	Results
	Discussion
	Limitations

	Conclusion
	Data availability statement
	Ethics statement
	Author contributions

	References

