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Abstract

N

Rationale Botulinum toxin A (BTX-A) injection is effective in treating focal dystonia. However, there are no prior reports regarding the |
treatment of progressive focal dystonia by a single BTX-A injection that affect a distant muscle.

Patient concerns A 19-year-old male was referred to the rehabilitation clinic with a complaint of involuntary movement in his left
big toe. The involuntary movement pattern was initially observed in the abduction direction only; however, it progressed to irregular
mixed patterns in the flexion and abduction directions.

Diagnoses In needle electromyography, abnormal dystonic patterns were observed in the left abductor hallucis (AH), flexor hallucis

longus, and flexor hallucis brevis muscles.

Interventions and outcomes These symptoms resolved with a single BTX-A injection to the AH muscle.
Lessons In this case, a single BTX-A injection to 1 muscle for treating progressive focal dystonia was effective on a distant

noninjected muscle.

Abbreviations: AH = abductor hallucis, BTX-A = botulinum toxin A, FHB = flexor hallucis brevis, FHL = flexor hallucis longus.
Keywords: botulinum toxin A, distant effect, progressive focal dystonia, single injection

1. Introduction

Dystonia is a neurological disorder characterized by involuntary
and repetitive movements or by abnormal postures. Dystonia is
an idiopathic process caused by genetics or by environmental
factors such as trauma, infection, or reaction to pharmaceutical
drugs.""*! Focal dystonia can affect any part of the body. The
most common site of involvement is the face or cervical
region.>* However, focal dystonia involved in the lower
extremities is rare.

Botulinum toxin A (BTX-A) injection is safe and effective in
treating focal dystonia.> However, in clinical practice, it is difficult
to inject BTX-A to each of the affected muscles due to the pain caused
by multiple injections and because of technical difficulties that
prevent injections on precise targets, especially in small muscles.
Accordingly, BTX-A injection to multiple muscles may be cost-
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prohibitive and could cause adverse effects when the affected
muscles are small and adjacent, such as intrinsic foot muscles.
We experienced an interesting case of focal dystonia that
progressed from the abductor halluces (AHs) muscle to the flexor
halluces longus (FHL) and flexor halluces brevis (FHB) muscles
and effectively treated progressive focal dystonia involving
multiple muscles by a single BTX-A injection to the AH muscle.

2. Method

Informed consent was obtained from the patient, and this report
was approved by the Institutional Review Board of Hanyang
University Guri Hospital, Guri, Korea.

2.1. Case presentation

A 19-year-old male was referred to the rehabilitation clinic with a
complaint of involuntary movement in his left big toe. Two
months before referral to the rehabilitation clinic, the patient
underwent a Brostrom operation on his left ankle for chronic
instability of the lateral ankle. Repetitive and involuntary
movements of the left big toe occurred 2 weeks after surgery.
The patient was then admitted to the department of neurology 2
weeks before referral to the rehabilitation clinic. The patient was
taking oral clonazepam and baclofen as prescribed by the
department of neurology but was showing no improvement.
There was no prior history of trauma or suspicious signs of
infection. The patient did not take medicine that might cause
dystonia before the symptoms began. There was no personal or
family history of neurologic disorder.

Upon physical examination, there were no motor or sensory
abnormalities on the left lower extremity, and the deep tendon
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reflexes were normoactive and symmetric. Also, there were no
signs of upper motor neurons. In the early phase of focal
dystonia, involuntary movement pattern was observed only in the
abduction direction of the left big toe. The symptom worsened in
intensity and frequency within 1 month. The pattern of focal
dystonia progressed to the flexion direction as well as to
abduction of the big toe. At rest, the left big toe moved
involuntarily, with irregular mixed patterns of flexion and
abduction. The dystonia pattern was not associated with postural
changes. The patient had a gait disturbance due to focal dystonia
in the left big toe.

A simple X-ray and magnetic resonance imaging on the leftankle
were obtained, and the results were normal except for postopera-
tive changes in the soft tissue of the lateral malleolar region. An
electrodiagnostic test was also performed and demonstrated
abnormal dystonic patterns in the left AH (Fig. 1) and in the FHL
and FHB muscles. The patient received physical therapy for 1
month and continued to take oral clonazepam and baclofen.
However, the symptoms did not improve.

The BTX-A injection was considered an alternative treatment.
However, it would be difficult to inject BTX-A to each of the AH,
FHL, and FHB muscles due to the pain caused by multiple
injections. There was also a technical problem that made it
difficult to inject on precise targets because the AH and FHB
muscles are small and adjacent to each other. Based on the
progression pattern in the focal dystonia, we assumed that the
origin of the focal dystonia was the AH muscle. For this reason,
the target of the single BTX-A injection was determined to be the
AH muscle. Twenty-five units of BTX-A mixed with 0.25 mL
saline were injected to the mid-belly of the left AH muscle under
electromyographic and ultrasonographic guidance. After injec-
tion, we confirmed that there was no leakage of injected fluid
outside of the AH muscle using ultrasonography. One week after
injection, the focal dystonia was completely resolved not only in
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abduction, but also in flexion of the left big toe. At the 6-month
follow-up, there was no recurrence of dystonia or other
complications in the patient.

3. Discussion

This case involved focal dystonia that progressed from the AH
muscle to the FHL and FHB muscles. Although focal dystonia in
the foot was reported, the majority of these types of cases of
dystonia involved the extensor hallucis muscle rather than the
AH muscle. Rosenberg et al reported deformity and dystonia of
the AH muscle; however, it was limited to the AH muscle.!” To
the best of our knowledge, no case of dystonia that progressed
from the AH muscle to the FHL and FHB muscles has been
reported.

The BTX-A injection is the first line treatment of focal dystonia
despite some adverse effects.!">”! In the clinical setting, BTX-A is
usually injected under ultrasonographic or electromyographic
guidance. However, in an injection to the small and deep muscles
in the hand or foot, it is a difficult procedure even with
ultrasonographic or electromyographic guidance. An inaccurate
injection or local diffusion of BTX-A can cause unexpected
paralysis of the adjacent muscles. In this case, however, there
were no adverse effects from the BTX-A injection. The patient’s
symptoms were completely resolved with a single injection.

The exact neurophysiologic mechanism of BTX-A effects on
noninjected muscles is unknown. Ramirez-Castaneda et al
reported local and systemic distribution of BTX depending on
the spread, diffusion, and migration.!®! Spread refers to the
physical movement of the toxin and is dependent on injection
technique, volume, needle size, and other physical factors. In this
case, we confirmed that injection fluid entered the target muscle
without any leakage using ultrasonography and an electromyog-
raphy-guided injection technique. Also, the volume of injection

Figure 1. The results of needle electromyography in the left AH muscle demonstrated dystonic patterns at rest.
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was small. Therefore, we did not expect spread to be the major
mechanism of the BTX-A effect on the noninjected muscle.

Diffusion refers to more of a microscopic phenomenon in
which a soluble molecule is dispersed by a passive transport.
Shaari et al demonstrated that BTX can penetrate the muscle
fascia.”) It is reasonable to assume that the effect of BTX on the
noninjected adjacent muscle was due to diffusion of the unbound
toxin through extracellular space. The diffusion was driven by
the concentration gradient and the dynamics of the injection.
Therefore, the dose of BTX is an important factor in determining
the extent of local diffusion. Although a small dose of BTX-A was
injected in this case, the effects of BTX-A on the FHB muscle
might have been induced by the diffusion mechanism. Neverthe-
less, it is unlikely that the effects of BTX-A on the FHL muscle
were caused by local diffusion only, because the FHL muscle is
relatively far from the AH muscle.

Migration of BTX can occur via hematogenous or neuroaxonal
transport. The effects of BTX to the distal muscle can be explained
by migration of the toxin via blood vessels. Also, peripheral BTX
injection can affect the central circuits via retrograde transport and
transcytosis.!®) According to this mechanism, BTX can spread to
distant sites. Antonucci et al demonstrated that BTX-A can be
retrogradely transported by central neurons and motoneurons and
can be then transcytosed to afferent synapses.!'”! Restani et al
demonstrated that BTX-A can undergo anterograde axonal
transport and transcytosis.'!! Also, Giladi proposed that BTX-
A acts on focal dystonia through a dual effect on efferent and
afferent pathways.'? Furthermore, many studies reported the role
of BTX regarding anti-nociceptive action by inhibiting the release
of several neurotransmitters.>1¢! According to these previous
studies, BTX can prevent vesicular-mediated release of neuro-
transmitters from the central nervous system and thus can decrease
sensitized nociception.['*71¢! These findings suggest that BTX can
be axoplasmically transported centrally. As such, the distant BTX-
A effects on the noninjected FHL muscle might be explained by
migration mechanisms.

In this case, the symptoms completely resolved in the
noninjected muscles by a single BTX-A injection. Erdal et al
reported significant reduction in the quantitative electromyo-
graphic parameters of the noninjected muscle after long-term
BTX treatments.'”! However, in that study, there were no
significant changes in electromyographic activity of the non-
injected muscle after the first BTX treatment. The cause of these
findings is unknown. Erdal et al hypothesized that the long-term
electromyographic changes in the noninjected muscle might be
due to the downregulating activity of the noninjected muscle
when the injected muscle was denervated by continuous BTX
injections.'"”! On the contrary, Wohlfarth et al demonstrated that
slight F-wave changes in remote muscles occurred 1 week after
the first injection of BTX.["® Decreased excitability of alpha-
motoneurons supplying noninjected muscles was considered as
the cause after a single BTX injection.'8! Although further
research is needed to determine the difference between the effects
of a single injection as opposed to multiple injections, our case
suggests that a single BTX-A injection can induce sufficient
improvement of symptoms.

Focal dystonia treated with BTX-A injection was reported in
previous studies. However, there is no report on focal dystonia
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that progressed from the AH muscle to the FHL and FHB
muscles. In addition, in this case, the focal dystonia involved
multiple muscles and was treated with a single BT X-A injection to
1 muscle. To the best of our knowledge, our case is the first to
report these particular findings. Although further studies are
needed to confirm the exact mechanism of BTX-A effects on
noninjected muscles, we found that a single BTX-A injection to 1
muscle was effective on distant noninjected muscles. Our findings
provide a promising new treatment strategy of focal dystonia
involving multiple muscles in a clinical setting.
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