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Definition: Painful Legs and Moving Toes syndrome (PLMT) is a rare neurological movement dis-
order characterized by involuntary and irregular movements of one or more toes, often together,
with moderate to severe diffuse pain at the foot and leg. It can appear on one or both sides and
in the upper limbs as well as lower limbs. The etiology of PLMT is still unclear; therefore, the
main symptoms of PLMT, including pain in limbs as well as involuntary movements of toes, can
be treated only symptomatically, and the outcomes are often unsatisfactory. Central or peripheral
nerve injuries have been assumed to be the possible causes of irregular involuntary movements, often
accompanied by chronic pain; however, its etiology is unknown in most cases. The management
of PLMT is very difficult because of its rare prevalence and obscure pathogenesis, and there have
been no clear guidelines for the treatment of PLMT. Oral medications (e.g., GABAergic agents, ben-
zodiazepines, antiepileptics, antidepressants, atypical antipsychotics, beta-blockers, corticosteroids,
cannabis, calcitonin, and analgesics) and several therapeutic interventions (e.g., local botulinum
neurotoxin-A injection, spinal cord stimulation, anesthetic, and surgical interventions) have been
recommended, based on individual experiences from several cases. Its etiology, pathogenesis, and
effective treatments should be further discussed.

Keywords: painful legs; moving toes; PLMT; pain; movement disorder; involuntary; botulinum;
pregabalin; spinal stimulation

1. History

Painful Legs and Moving Toes syndrome (PLMT), one of the spinal-generated move-
ment disorders [1], is a rare movement disorder with involuntary irregular flexion/extension
of one or more toes, which is often accompanied with pain felt deeply in the foot and leg. It
therefore reduces the quality of life as well as activities in social community and the work-
place [2,3]. PLMT was firstly reported as a pain syndrome in the feet or lower limbs with
spontaneous movements of the toes by Spillane and colleagues in 1971 [2]; since then, PLMT
has been described in case or cases series reports rarely [4–13]. Until now, about 130 cases
with PLMT have been reported, according to our literature search on PubMed and other
public open-access databases (screening on 31 October 2021) and patients’ ages ranged
from 11 to 86 [13–15]. The definition of PLMT has expanded to the upper limbs (painful
hands and moving fingers) [7,8,11,12,16]. It has been also called “painful limbs and moving
extremities” involving more than toes or fingers, e.g., feet or hands and limbs [8,12,17].
The affected locations have extended from toes or fingers proximally to ipsilateral foot or
hands and limbs, as well as contralateral limbs in some cases, and possibly from the lower
limb to the upper [16]. Several atypical cases with painful movement disorder have been
reported [9,10,18–21]. One case with PLMT extended to the tongue, called “painful moving
tongue”, but detailed information was not available [22].
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2. Etiology of PLMT

Until now, the etiology and pathogenesis of PLMT has been poorly known; however,
it could come from neuropathic changes or traumatic injuries in the peripheral nervous
system [3,6,10,11,13]. Sometimes, it is accompanied by injuries/lesions in the central
nervous system [11,12,23–25]. (See Table 1.)

Table 1. Potential Conditions Associated with the Development of PLMT.

Cauda equina trauma
Radiculopathy
Plexus injury
Focal neuropathy (e.g., tarsal tunnel syndrome)
Polyneuropathy (large fiber, small fiber)
Herpes zoster myelitis
Spinal cord compression
Traumatic spinal cord injury
Postsurgical complication
Hashimoto’s Encephalopathy
Morbus Wilson
Morbus Parkinson
Stroke
Neuroleptics
Endocrinologic condition, e.g., Hashimoto thyroiditis and Hypophysenadenome
Local trauma without neurologic injury (at least not found)
Dupuytren’s contracture

Its possible causes have been discussed in case/case series reports, including neu-
ropathological conditions in peripheral and/or central nerves, e.g., post traumatic periph-
eral nerve injury [8,10,11,16,26,27], focal nerve injury (e.g., tarsal tunnel syndrome [27–29],
polyneuropathy (large fiber and/or small fiber) [3,3,13,13,29–33], or injuries of the spinal
cord [10,21,25], cauda equina [3,15,34,35], lumbar nerve root [3,5,6,17,23,30,35–37], or sym-
pathetic nerve [2,6,7,10,38–40], as well as postoperative complications [34,36,41] and post
traumatic injuries (e.g., bone [5,6,13,15] and conjunctive tissue of foot [5,6,10,13,15,23]). Ad-
ditionally, stroke, Parkinson, Wilson’s disease, and Hashimoto’s encephalopathy were diag-
nosed long before PLMT in a few cases, in whom any possible cause was not found [15,23].
In one case Hashimoto’s encephalopathy [23], which was diagnosed over 30 years prior to
the beginning of PLMT was assumed as a possible condition, with several small subcortical
white matter fronto-parietal lesions on the brain MRI [23]. In several cases, increased
protein concentration in cerebrospinal fluid (CSF) has been reported [42]. In other cases
with stroke, Wilson’s disease, and Parkinson, their associations with the development of
PLMT were not clear; however, no other pathologic conditions were found in these cases.

In a few cases, viral infection, such as human immunodeficiency virus [32] or her-
petic virus [5,10,25], were found. The virus infection induced neuropathic changes in the
peripheral as well as central nervous system where they invaded.

With the relief of or decrease in clinical symptoms after sympathetic ganglion block
in some cases [2,4,6,10,25,31,39,41,43,44], it was assumed that that pathologically induced
impulses from afferent fibers of an injured nerve into the sympathetic nervous system
abnormally activated neurons in the anterior horn of spinal cord, resulting in involuntary
movements of toes. The effectiveness of the sympathetic block varied, with mostly transient
reductions in symptoms, and in just in a few cases, symptoms disappeared [2,10,41,44].
Two cases were reported, who had sympathectomy for the management of PLMT; however,
it was not effective [2,17]. Later, two cases were additionally reported, which showed an
improvement in symptoms, especially pain, after sympathectomy; so, the role of the sym-
pathetic system was supported in the pathogenesis associated with pain development [45].
They concluded that sympathetic neuronal signals could provoke pain by activating “an
impulse generator” (injured location) in the affected limbs.
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Generally, the pain pathway consists of activating nociceptors or converting to neural
signals or stimuli directly at the nerve injury site (transduction), transferring from pe-
ripheral neurons to central neurons in the dorsal horn of the spinal cord, brain stem, and
thalamus (conduction and transmission), inhibition in the spinal cord and activation of
descending inhibitory tracts (modulation), and projection to the somatosensory cortex,
enabling the perception of pain (perception). [46] Interneurons may partially pass the trans-
mitted abnormal neural signals to segmental or multisegmental efferent motor pathways in
the spinal cord, which may reproduce abnormally involuntary movements. [2,3,5,6,15,40]
(See Figure 1.)

Figure 1. Theory of the interneuron role in the development of pain and involuntary movement of
PLMT (reproduced from [40] under the © The Association of Bone and Joint Surgeons® 2010 license).

Nerve plexus injury, radiculopathy, polyneuropathy (large fiber and/or small fiber),
and posttraumatic peripheral nerve injuries were more common in cases, even though their
exact participation in developing PLMT are not clear [13,15]. Nociplastic/ neuroplastic pain
can join in the pathogenesis of chronic pain over time, by central pain modulating distur-
bances, e.g., increased excitability of ascending and descending facilitatory tracts, reduced
inhibition of descending anti-nociceptive tracts, and psychogenic conditions due to the
“learning and thinking pain” of the brain are also important in chronic pain management,
so called as “psychogenic pain” [46]

PLMT could mostly begin with peripheral causes and be associated later with sub-
sequent changes in CNS [6]. Frequent ectopic impulses to the posterior root, which are
spontaneously produced at the injured peripheral nerve could lead to pain and involuntary
movements via the abnormal re-networking of local spinal circuits [5,6,15,40]. This might
be occasionally influenced by accompanied central diseases [12,23,41,47].

In several cases, central lesions, e.g., stroke [11], morbus Parkinson [41], encephalopa-
thy [23], spinal cord injury [21,25], cervical myelitis [24] and Morbus Wilson [12] were
identified and assumed to be associated with the development of PLMT, but the association
with its development and these diseases was unclear. Involuntary movements did not
appear or were reduced during sleep in some cases, which could be associated with the
inhibition of the reticular activating system [6]. PLMT rarely appeared after long-term
use of neuroleptics (perphenazine and ziprasidone) [9,48]. However, it remains unclear,
how and to what extent a lesion or degenerative changes in the brain or spinal cord could
contribute to the pathogenesis of PLMT.
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In one recent report including eight cases with clinically identified PLMT [49], the
brain single photon emission computed tomography (SPECT) showed the hypoperfusion
to the frontal and occipital cortices, thalamus, and cerebellum, as well as hyperperfusion to
the anterior cingulate gyrus and parietal cortices (primary and secondary sensory cortices)
on both sides, which are related to pain, as compared to 34 controls [49].

The deficit of adenosine in blood might be also associated with the development of
PLMT in individual cases. One case report showed the deficiency in circulating adenosine
levels in patients with PLMT, compared with other chronic painful syndromes, e.g., sciatic
pain [26].

In women, PLMT appeared more frequently than in men [13], and the influence of
female hormone concentration on the symptoms of PLMT was reported in one case. In this
case, leg pain and involuntary movements of toes nearly disappeared in the first as well
as second pregnancy. These symptoms were worse during the menstrual cycle and when
taking progesterone [50].

3. Diagnostics of PLMT
3.1. Medical History of Possible Pathological Conditions of PLMT

Although the etiology of PLMT is still unclear, there are possible pathological con-
ditions, which were reported in many case/case series reports. (See Table 1) Therefore, a
summary of the medical history including trauma history, pre-existing diseases, accompa-
nied neurological diseases, or other chronic diseases, which influence the development of a
neuropathologic condition, e.g., diabetes mellitus, Hashimoto’s diseases, virus infection,
and post-operative conditions, is the first important step of the diagnosis and effective
management of PLMT [3,14,15].

3.2. Clinical and Neurophysiological Diagnostics

As described in the clinical definition of PLMT, its main symptoms are involuntary
and irregular movements of one or more toes/fingers and moderate to severe diffuse pain
in the affected limbs [13–15].

Pain often appeared first; later, involuntary movements appeared, and pain mainly
caused the reduced quality of life as well as limited activities at work and in social com-
munity, so that the treatment of PLMT has been often focused on pain [2,3,49]. Moderate
to severe pain has been reported in most cases, felt deeply in the leg/arm. Pain in PLMT
was assumed to be associated with neuropathic pain [51]. Pain was often characterized
as bursting, tearing, tingling, numbness, cramp-like, aching, electric sensation, pulling,
etc. The diverse descriptions of pain may be related to different conditions, which were
considered as possible causes [3,34].

Later, several painless cases were reported, and most of them required the treatment
of involuntary movements only when related to a cosmetic problem [9,10,18–21].

The involuntary movements are flexion and extension and/or side-to-side movements
(adduction/abduction) of one or more toes/fingers on one or both sides [2,3,6,10,15,34,52].
Those movements were dystonic, myoclonic, or occasionally rhythmic [34]. Involuntary
irregular movements began at one toe or finger and, later, could spread to more toes or
fingers [5]. In some cases, the affected locations were further extended later, e.g., proximally
to the foot or hand and limb or (from affected toes) to the ipsilateral hand as well as to the
contralateral limb [5,16]. Toe movements were worsened by the aggravation of pain [15]
and intensified often at rest and at night [3]. The involuntary movements disappeared
during sleep, which might possibly be associated with the inhibition of the brainstem
reticular system [6].

It was occasionally possible to inhibit voluntarily toes movements but only for a few
seconds [3,15,52].
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3.3. Neurophysiological Examination

Electroneurography (ENG) and Electromyography (EMG) are used to examine possi-
ble conditions of PLMT, e.g., peripheral nerve injuries and radiculopathy [15,47].

In an EMG, spontaneous irregular bursts appeared in association with toe move-
ments [15,23,48,53].

PLMT is not a homogenous disease, so the detailed characters of bursts in EMG varied
diversely [28,40]. Two main patterns of bursts in the EMG were found [53]:

- the first type with short duration (10–80 ms) and a higher frequency of 4–6 Hz
- the second type with longer duration (160–500 ms) and lower frequency of 1.5–3 Hz.

Later, lower frequency of bursts of 0.5–1 Hz with irregular duration (50 ms to 1 s) were
also reported [15,48].

The findings of the Electroencephalography (EEG) were mostly normal. Polysomnog-
raphy can show the disturbance of the sleep pattern, e.g., predominance in light sleep,
in rapid eye movement, and reduction in slow wave sleep (SWS) and decreased total
sleep time with frequent awakening [12,13,30]. During SWS, involuntary movements
disappeared or rarely appeared, with only a few isolated jerks sporadically [2,30].

3.4. Differential Diagnoses

The clinical symptoms including pain and involuntary movements have been mainly
used to diagnose PLMT. Therefore, PLMT should be differentiated from other neurologic
diseases with involuntary movements and/or chronic pain in clinical practice.

The main differential diagnoses are as follows [2,11,13,15,27–29,54–61]:

- Restless leg syndrome with pain and movement of feet and legs;
- Painful radiculopathy or plexopathy;
- Complex regional pain syndrome;
- Akathisia with leg movements;
- Cramps with unilateral involuntary muscle hardening, usually calf muscle;
- Spinal segmental myoclonus with leg movement;
- EPC with continuous toes/foot or leg movement;
- Focal or polyneuropathy with feet numbness, tingling, and/or pain;
- Dystonia with sustained involuntary movements of feet and legs;
- Periodic-limb-movement disorder (PLMD);
- Parkinson with tremor;
- Chorea;
- Pseudoathetosis;
- Epilepsia partialis continua with toes/foot movements; and
- Psychogenic movement disorder.

4. Management of PLMT

Until now, there have been no guidelines for the management of PLMT, due to the
poor understanding of its etiology and pathogenesis as well as the lack of effective therapy
against pain and/or involuntary irregular movements of toes [3,15]. It is a rare syndrome,
managed only symptomatically, and the outcomes of different treatments were often
unsatisfactory [10,12].

There are several symptomatic treatments including pharmacological as well as non-
pharmacological therapies, which were reported to be effective for PLMT in individual
cases (See Table 2). These therapies focused mostly on pain, because pain was the dominant
symptom in most cases with PLMT [3,10,15,48].
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Table 2. Recommended Treatments.

Oral medications, e.g., gabapentin, pregabalin, baclofen, clonazepam, carbamazepine,
amitriptyline, citalopram, duloxetine, Levodopa, Tramadol, Fentanyl citrate, quetiapine,
progabide, beta-blockers, corticosteroids, cannabis, calcitonin, adenosine, etc.
Spinal cord stimulation
Botulinum neurotoxin injection
Local vibration
Sympathetic blockade
Epidural blockade
Transcutaneous electrical nerve stimulation
Massage
Local cold, warm, or tactile stimulation
Sympathectomy
Surgical decompression
Other surgical treatments according to possible causes of PLMT

4.1. Pharmacological Therapy
4.1.1. Oral Medication

Oral medications, the first line of PLMT treatment, included GABA (Gamma-Amino
Butyric Acid) ergic agents, benzodiazepines, antiepileptic agents, antidepressants, atypical
antipsychotic agent, beta-blockers, corticosteroids, cannabis, calcitonin, and analgesics,
which could be used as monotherapy or in combination. The effects of oral medications
were often disappointing and mostly a temporary relief [1,3,13,15,33,40,62].

Pregabalin [3,48] and gabapentin [34,48,63–65], GABAergic agents, were reported
as one of the favorable medications to improve PLMT-related pain, involuntary move-
ments, and quality of life, including sleep disorders in some cases [63–65]. GABAergic
agents also successfully improved the symptoms of PLMT in combination with baclofen or
clonazepam [34].

However, their effects were often transient, [10,64] and in many cases, they were not
effective in pain reduction and/or involuntary movements [10,20,66,67]. The long-term use
of oral medications could lead to the downregulation of GABA receptors, and their side
effects, e.g., worsening leg edema, led to reduced doses, even though not effective enough,
or discontinuation in several cases [3].

Other suggested oral medications, e.g., baclofen [30,62], progabide (gamma-aminobutyric
acid agonist) [68], amitriptyline [6,62], carbamazepine [30,37,64,69], clonazepam and other
benzodiazepines [6,47,49,57,62], calcitonin (for PAMF) [11], quetiapine [33,48], propra-
nolol [27], corticoids [6,23], and analgesics [6] also showed individually transient improve-
ment of symptoms but, often, no satisfactory outcomes. These can be recommended as a
monotherapy as well as in combination, depending on the assumed pathogens of PLMT.

The infusion of Adenosine triphosphate (ATP) was used and effective in two cases
with traumatic peripheral nerve injuries, who had a deficiency of blood adenosine [26];
however, there has been no other report on ATP therapy.

Milacemide, the glycine precursor, was orally introduced to improve the symptoms of
PLMT but showed no effect [70].

4.1.2. Interventions

Botulinum Neurotoxin
It has been known that Botulinum neurotoxin A (BoNT-A), a nerve blocker at the

neuromuscular conjunction is also effective in the reduction in pain via blocking exocytosis
of various inflammation-mediators, e.g., substance P, glutamate, calcitonin gene-related
peptide, and blocking neurotransmission arising from sensory nerves in the peripheral
nerve system [71–74]. Local injections of BoNT-A reduced neuropathic pain as well as
muscle overactivity-associated pain, e.g., spastic, dystonic, or spasm-related pain [71,75].

Local intramuscular injections of BoNT-A have been strongly recommended as a
monotherapy as well as in combination with other treatments in the cases with PLMT, in
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whom symptomatic treatments with oral medications or other therapeutic interventions
failed or had insufficient effects [19,66,69,76].

In the management of PLMT, BoNT-A therapy focused on reducing involuntary move-
ments [19,66,69,76,77] but also partially induced relief or reduction in pain [66,69,76–78].
However, in one case there was no improvement in pain intensity [19].

The effect duration of BoNT-A therapy is commonly 10–12 weeks, sometimes shorter
as well as longer [71,79]. Local injection of BoNT-A is strongly recommended as a safe and
effective symptomatic treatment in the management of moderate to severe symptoms of
PLMT [13,15,78].

Epidural Block
A total of six cases with PLMT were treated by epidural block with local anesthetics.

Four cases showed a temporary improvement of pain and involuntary movements with
different effect times (transient, 3 h, 6 h, and longer) [25,39,41,43] Epidural block can be
recommended in PLMT with severe pain.

Lumbar sympathetic blockade
In some cases, the block of sympathetic nerve system showed a reduction in pain

intensity and involuntary movements, although its effect was mostly transient [2,4,6,10,31,
38,39,41,43,44].

Only one of four cases showed the disappearance of both main symptoms after
sympathetic block by Spillane, and three cases had mild transient improvement [2]. Of
the other 18 cases, only in four cases was the blocking of the sympathetic nerve system
effective with the disappearance of symptoms [10,31,41]. Dressler and his colleagues [10]
reported that only one case had good effects after the blocking of the sympathetic nerve
system among four cases with traumatic peripheral nerve injuries as a possible cause of
PLMT; two cases showed no effect.

Although lumbar sympathetic blockade was reported as an effective treatment in
individual cases [31,41,44], the duration of relief by this intervention was not specified and
mostly transient. Sympathetic blockade can be more recommended as a preoperative test
after sympathectomy to evaluate the effect of surgical intervention.

4.2. Nonpharmacological Therapeutic Interventions

Epidural spinal cord stimulation
Epidural spinal cord stimulation (ESCS) has been applied in other pain conditions,

such as complex regional pain syndrome, peripheral vascular diseases, and back pain, and
has been used in the management of pain symptom in a few cases with PLMT [43,51,80].

Long-term epidural spinal cord stimulation with a implanted permanent device
(ITREL, Medtronic Inc, Minneapolis, MN, USA), placed at the dorsal aspect of the Th10–11
levels (See Figure 2) was applied for 20 min twice per day over six months (one case for
six months and another case for 13 months), to improve pain and involuntary movements
of PLMT [43,80] and had a beneficial effect with a significant reduction in pain and nearly
complete resolution of the toe movements [43,80]. However, another case with PLMT,
possibly due to herpes zoster myelitis, showed no effect with ESCS [25], and it could be
assumed that the individually different effects of this intervention were due to the diverse
pathogenesis of PLMT. Further studies are necessary to collect more data for this therapy.

General physical therapies
Different physical treatments such as transcutaneous electrical nerve stimulation

(TENS), local vibration, local heat or cold therapy, and tactile stimulation can be applied to
reduce pain symptoms [13,15,43,47,81].

Transcutaneous electrical nerve stimulation showed a temporary reduction in pain in
individual cases and can be also used in combination with vibratory stimulation to increase
its effect [43,47]. In one case the combination of TENS and vibratory stimulation showed
a significant improvement of pain and movements [47]. This effect was assumed by the
pain-modulating of vibration [26]. Local cold, heat, or tactile stimulation were considered
as an additional therapy [13,15].
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In two cases with painful arm/hand and moving fingers, the symptoms were im-
proved temporarily after tactile stimulation [81].

Figure 2. Medial lemniscal pathway and placing of epidural electrode. (a) lemniscal track at different
levels of the spinal cord; (b) medial lemniscal track (in light blue, dorsal) and spinothalamic track
(in light blue, ventral), lateral pyramidal track (in red). Epidural electrode along the dorsal aspect of
the spinal cord; (c) Computed tomography of thoracic spine. S = sacral; L = lumbar; Th = thoracic;
C = cervical; P = pedicle; TP = transverse process; LA = lamina, SP = spinous process; B = vertebral
body. (reproduced from [50] under the © The American Society for Experimental NeuroTherapeutics,
Inc. 2014).

4.3. Other Surgical Treatments

Surgical interventions have been strongly recommended to remove possible conditions
of PLMT such as nerve root compression or local lesions at limbs, as well as in the spinal
canal, when the symptoms were therapy-resistant [11,15,28,40]. Additionally, sympathec-
tomy has also been considered in individual cases, due to the possible contribution of the
sympathetic nerve system in the pathogenesis of PLMT [2,17,45].

Sympathetomy
A few cases received sympathectomy after failed treatments such as oral medication,

physical therapies, and other nonsurgical interventions [2,17,45]. Two cases showed good
effects with significant decreased pain intensity and reduced involuntary movements [45].
However, other two other cases showed no change in symptoms after sympathectomy [2,17].

Surgical decompression
When nerve root compression existed, surgical decompression has been strongly rec-

ommended, because radiculopathy has been possibly associated with the development of
PLMT. Most of these cases with nerve compression showed an improvement of symptoms,
including the disappearance of or reduction in pain and involuntary movements after
surgical decompression [17,21,28,36,40].

Surgical decompression is strongly recommended in cases of PLMT with the compres-
sion of the lumbar nerve root.

5. Conclusions and Prospects

The etiology and pathogenesis of Painful Leg and Moving Toes syndrome (PLMT)
is still unclear; however, traumatic or neuropathic peripheral nerve injuries, as well as
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radiculopathy, are common, and central factors can be later joined additionally. Individually
introduced oral medications (monotherapy as well as in combination) are the first line
of PLMT management, and physical therapies, e.g., TENS, local vibration can be adjunct.
Several therapeutic interventions, e.g., BoNT-A injections, spinal blockade, and epidural
spinal cord stimulation are also recommended due to the significant effects including
pain relief/reduction and the improvement of involuntary movements in individual cases,
although further discussion with more cases are necessary. Surgical decompressions are
strongly recommended when a case has the compression of a nerve root or spinal cord as a
possible condition of PLMT. Sympathectomy can be considered after a few pre-operative
tests, e.g., the blockade of sympathetic nerve system.
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