
The Laryngoscope
VC 2014 The American Laryngological,
Rhinological and Otological Society, Inc.

Treatment of Spasmodic Dysphonia With a Neuromodulating
Electrical Implant

Michael J. Pitman, MD

Objectives/Hypothesis: To investigate the feasibility of an implantable electrical stimulation device to treat spasmodic
dysphonia (SD) by neuromodulation of the muscle spindle gamma loop.

Study Design: Prospective case series.
Method: Five subjects underwent daily stimulation of the left thyroarytenoid muscle (TA) below the level of a-motor

neuron activation (AMNA) for 5 consecutive days. Professional and patient voice evaluations were performed. Transcartilage-
nous placement of an implantable stimulation device lead was investigated in anesthetized porcine and cadaveric human
models.

Results: Three of 5 subjects improved in all categories of evaluation. One subject improved in three of four categories.
These four subjects described significant carryover of effect after treatment. The fifth subject evidenced improvement until
contracting an upper respiratory infection on day 3. Transcartilagenous electrode placement into the porcine TA with muscle
stimulation was successful. The electrode lead was passed from the cadaveric larynx to the mastoid tip in the subplatysma
layer with an absence of tension.

Conclusion: The symptoms of SD improve after electrical stimulation of the TA at levels below AMNA. This is likely
through neuromodulation of the muscle spindle gamma loop. Implantation of an electrode into the TA with a postauricular
implanted stimulator is feasible with modifications of an already existing device. With further investigation, such a device has
the potential to deliver an alternative treatment for SD.

Key Words: Spasmodic dysphonia, gamma loop, botulinum toxin, neuromodulation, electrical stimulation, muscle spin-
dle, dystonia.
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INTRODUCTION
Spasmodic dysphonia (SD) is a focal, action-specific

dystonia of the laryngeal musculature during phonation.
It has a profound effect on patients’ productivity and
quality of life.1,2 The standard treatment for SD is botu-
linum toxin (BTX) injection of the laryngeal muscula-
ture.1–3 Unwanted side effects of adductor muscle
injections include the loss of phonatory volume, breathi-
ness, and dysphagia; whereas those of abductor muscle
injections include dyspnea due to airway compromise.
The injections are painful and must be repeated nearly
every 3 months. Due to the delayed onset of BTX effects
and increasing symptoms prior to repeat injection, opti-
mal voicing is achieved during only 30% of the injection

cycle.4 It is clearly an alternative and better treatment
is needed; such a treatment is investigated here.

Traditionally, it has been thought that SD resulted from
abnormalities in the basal ganglia and that BTX works by
weakening muscles enough to prevent significant muscle
spasm and its associated symptoms.5,6 Contemporary
research suggests an alternative pathophysiology for SD and
for the function of BTX.7,8 This was hypothesized as early as
1985 after a range of abnormalities on MRI suggested that
SD may be a heterogeneous disorder.9 Research shows that
SD is likely due to a sensory dysfunction, with the muscle
spindle playing a central role.7,10–14 Accordingly, the benefit
of BTX injections may be in their modulation of the gamma
loop of the muscle spindle via inhibition of the c-motor
neuron and not via induction of muscle weakness.8,14–19

In seeking a better treatment for SD and consider-
ing the abovementioned, targeting the gamma loop for
therapy is appropriate. One may hypothesize that neuro-
modulation of the c-motor neuron and/or the 1a afferent
neuron of the muscle spindle via electrical stimulation
can inhibit these nerves, modulate the gamma loop, and
mitigate the symptoms of SD. This stimulation could be
below that of the a-motor neuron because it is less sensi-
tive than those of the gamma loop due to its myelination
and larger diameter.

Previously, a randomized, placebo-controlled study
by Tinazzi et al. verified modulation of dystonic spasms
by electrical stimulation of afferent inputs.20 Ten
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patients with writer’s cramp were enrolled in a double-
blind, randomized, crossover study in which the effects
of transcutaneous electrical stimulation (TENS) and pla-
cebo treatment were compared. The TENS group showed
significant improvement persisting for 3 weeks. Leis
et al. modified cervical dystonia using transcutaneous
subsensory stimulation.21 This stimulation of the trape-
zius resulted in the improvement of cervical dystonia in
three of three subjects. One subject had an electrical
stimulator implanted to chronically stimulate the spinal
accessory nerve. Twelve month follow-up showed contin-
ued efficacy, with no carryover when the stimulator was
turned off.

Based on the above hypothesis and previous
research, this study was developed to investigate the
feasibility of using an implantable electrical stimulation
device to treat SD via neuromodulation of the muscle
spindle gamma loop. The specific aims of the study
were: 1) Test proof of the concept that electrical stimula-
tion of the thyroarytenoid muscle (TA)—below threshold
of a-motor neuron stimulation—improves the symptoms
of SD; 2) establish whether an implantable device cur-
rently used for the treatment of bilateral vocal fold
paralysis can be successfully placed and stimulate the
TA; and 3) assess if the electrode lead is of sufficient
length to reach the proposed retroauricular placement of
the stimulator.

MATERIALS AND METHODS
Approval from the Internal Review Board of the New York

Eye and Ear Infirmary was granted for specific aim 1. Studies
including specific aims 2 and 3 occurred at the Jena University
Hospital, Germany. They were respectively approved by the
Federal Bureau of Consumer Protection for Thuringia,
Germany, and the Ethical Review Committee of the Jena
University Hospital.

Specific Aim 1
Five subjects underwent daily stimulation of the left TA

below the level of a-motor neuron activation for 5 consecutive
days. Patients with SD who were previously responsive to BTX

injections, aged between 18 to 75 years, and whose last BTX
treatment was over 3 months ago were included. Patients on
neuromodulating medication, with other neurological diseases,
or with an implantable pacemaker were excluded.

Pretreatment laryngovideostroboscopy documented base-
line vocal-fold function. A stainless steel bipolar hooked-wire
electrode was placed into the left TA via the standard cricothy-
roid membrane approach. Electrical stimulation was set at 50
Hz with a pulse width of 200 microseconds (CareFusion, San
Diego, CA). The amplitude of stimulation was increased until
vocal fold twitching or increased tone was noted on laryngos-
copy at 503Hz or 3Hz. The amplitude was then decreased until
signs of motor stimulation were resolved (0.6–2.1mA). This was
performed each day. Subjects were stimulated for 1 hour. Lar-
yngovideostroboscopy was performed after the last stimulation
and as needed to evaluate for alterations in vocal fold function.

Prior to the first stimulation and after the last stimula-
tion, subjects filled out a voice handicap index-10 (VHI). Before
and after each stimulation session, subjects graded their level
of dysphonia on a 5-point Likert scale. They also read standar-
dized sentences selected to stimulate adductor spasms. The sen-
tences were repeated twice and digitally recorded over the
telephone. The recorded sentences were sent in random order
by a speech language pathologist (SLP) experienced in working
with SD patients. The blinded SLP graded the level of SD on a
7-point Likert scale. The SLP also recorded the number of
spasms in each sample. A spasm was defined as a phonatory
break and did not include vocal strain (Table I).

Specific Aim 2
A domestic pig was placed under general anesthesia. A 3-

cm incision was made over the thyroid cartilage, which was
then exposed. Laryngoscopy was performed and the vocal folds
were continuously visualized on a monitor. A system created for
stimulation of the posterior cricoarytenoid muscle in the treat-
ment of bilateral vocal-fold paralysis was employed22 (Fig. 1)
(Med-El, Austria). A trocar with stimulating tip was passed
transcartilagenously into the TA.23 The stimulator was acti-
vated at 3Hz (Neurosign, Carmarthenshire, UK). Placement
within the TA was confirmed by vocal-fold adduction on stimu-
lation. The probe was removed and the electrode lead was
passed through the cannula into the TA, where it was screwed
in place and fixed. The electrode was stimulated to confirm
placement in the left TA, as described for the trocar. This proce-
dure was performed twice. After the second insertion, the lar-
ynx was harvested and lead placement was visualized.

Specific Aim 3
In a fresh frozen cadaver, an electrode lead was passed

into the left TA, simulating the method described previously.
The lead was affixed to the cartilage with a clasp, looped to cre-
ate redundancy, and passed under the thyroid notch into the
right neck. A trocar was passed in a subplatysmal plane from
the incision to the mastoid tip. The lead was passed through
the cannula and its position assessed.

RESULTS

Specific Aim 1
Four females and one male (subject 4) were

recruited. No significant complications were noted. Lar-
yngovideostroboscopy displayed normal vocal-fold func-
tion throughout the study. Two of five subjects displayed

TABLE I.
Sentences Read by Subjects and Grading Scales Employed.

Sentences

Please read the following sentences twice:

I eat apples and eggs.

Did he go to the right or to the left?

Early one morning a man and a woman were ambling along a
one mile lane running near Rainy Island Avenue.

5-point Likert scale

Please rate your current level of dysphonia (circle one):

Mild – Mild/Moderate – Moderate – Moderate/Severe – Severe

7-point Likert scale

Rate the level of spasmodic dysphonia (circle one):

Normal – Mild – Mild/Moderate – Moderate – Moderate/Severe
– Severe – Very Severe
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a yellow tinge to the vocal fold, suggesting a slight,
insignificant hemorrhage.

The VHI improved in all subjects from prestimula-
tion (PS) to the final poststimulation (FPS) with an aver-
age change of 7.4. Spasm counts and subject self-
assessment of their SD symptoms decreased in all sub-
jects from PS to FPS, except for subject 5. This subject
was improving until an upper respiratory infection
(URI) developed on day 3. At this time, SD symptoms
became more severe. Expert voice evaluation recorded
improvement in three of five subjects PS to FPS (Fig. 2).

Evaluation of Figure 2 shows that improvement
generally increased throughout the week. Although not
specifically collected, subjects noted carryover of effect
lasting 3 to 14 days, and a number of subjects reported
their best voice in the afternoon after stimulation from 7
A.M. to 8 A.M. Subjects 1 and 3 felt that their voice was
normal on days 4 and 3, respectively.

Specific Aim 2
Leads were placed and successfully fixed in both tri-

als. During placement of the second lead, the trocar ini-
tially violated the vocal fold mucosa. Although both
trials resulted in stimulation, the first trial was more
successful, with brisk and strong adduction, whereas the
second was weak. After laryngeal harvest, the second
lead placement was determined to be too posterior, fixed

into tendinous attachments on the inferior aspect of the
vocal process.

Specific Aim 3
The electrode lead was successfully passed in the

subplatysmal plane from the larynx to the posterior
neck just beneath the mastoid tip. The lead reached
with length to spare and an absence of tension.

DISCUSSION
BTX are the standard treatment for SD.3 They are

suboptimal due to discomfort and the need to be
repeated frequently, as well as the significant time
period of poor voice within each injection cycle.4 Consid-
ering this, a better treatment is necessary. Contempo-
rary research suggests an alternative pathophysiology
for SD and for the function of BTX.7,8 These new theo-
ries allow for the development of novel treatment para-
digms for SD based on an updated disease model.

Recent research shows that SD is not an isolated
disorder of the basal ganglia. In contrast, cortical and
cerebellar abnormalities have been elucidated in
patients with SD, with the somatosensory cortex appear-
ing to play a primary role in the pathophysiology of the
disease.11,12 Accordingly, BTX injection results in signifi-
cant changes in the cortex. Relative normalization of
brain metabolism in the corticosensory areas is observed

Fig. 1. Bipolar stimulating system. a) Stimulating system. b) Stimulating trocar and cannula. c) Note the screwing mechanism at the end of
the lead that fixes it into the target muscle.
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in SD patients on PET scans after injection.13 These
findings support previous research performed in the
peripheral system. Electromyography showed bilateral
changes in the TA after unilateral BTX injection.16 This
alteration in peripheral neural activity was hypothesized
to be mediated via the central nervous system because
its diffusion to the opposite vocal fold for local effect is
improbable.

It is likely that central changes observed after BTX
injection are due to its effect on the muscle spindle. In
1995, Kaji et al. showed that vibration could trigger dys-
tonia. They also demonstrated that vibration-induced
dystonia or action-induced dystonia could be mitigated
by lidocaine injection or a sensory trick.10 Noting that
lidocaine is prone to blocking the c-motor neuron and 1a
afferent neuron of the muscle spindle—and that the
functional mechanism of sensory tricks is likely medi-
ated by gamma inhibition—they hypothesized the mus-
cle spindle played a primary role in dystonia.15,17

Another investigation utilizing the tonic vibratory reflex
revealed suppression of the reflex after BTX injection.
The suppression persisted beyond full return of muscle
strength. This continued effect beyond that of muscle
weakening suggested that BTX inhibition of the muscle
spindle plays a significant role in its affect on dystonia.18

Research by Rosales et al. strengthened this hypothesis
by demonstrating that, after BTX treatment, intrafusal
fibers of the muscle spindle atrophy in similar fashion to
extrafusal fibers.19 In a later review, Rosales and Dress-
ler expertly demonstrated the role of the muscle spindle
in dystonia and how the primary therapeutic pathway of

BTX may be on the muscle spindle via inhibition of ace-
tylcholine release from the c-motor neuron.14 The most
intriguing conclusion of this research is that SD is not a
motor disorder but a sensory disorder with the primary
effect of BTX being mediated through the inhibition of
the c-motor neuron that is innervating the intrafusal
fibers of the muscle spindle.

The muscle spindle is a sensory organ communicat-
ing muscle proprioception and velocity. The c-motor neu-
ron regulates the sensitivity of the muscle spindle. It
keeps the intrafusial fibers of the muscle spindle taut so
that the 1a afferent neuron can detect and transmit
information on minute changes in extrafusial fiber ten-
sion.24 Essentially, the c-motor neuron sets the gain of
the system (Fig. 3). Gamma bias is the gamma motor
neuron’s consistent level of activity: Low bias equals low
gain, whereas high bias equals high gain. In SD, the
gamma bias is too high. As a result, abnormal informa-
tion is picked up by the 1a afferent neuron and then
transmitted to the central nervous system. This abnor-
mal afferent information results in a rightfully abnormal
a-motor neuron transmission to the extrafusial laryngeal
muscle fibers that are producing a dystonic contraction
with a vocal spasm. This system is referred to as the
gamma loop (Fig. 4).

Considering the importance of the gamma loop in
the pathophysiology of SD, targeting the loop for treat-
ment is prudent. The primary aim of this study was to
test proof of concept that electrical stimulation of the TA
below threshold of a-motor neuron stimulation would
improve the symptoms of SD. All subjects in the present

Fig. 2. Outcome measures. a–d) Comparing prestimulation score to the daily poststimulation score. VHI-10 was scored only prestimulation
and postfinal stimulation. prestim 5 prestimulation; poststim 5 poststimulation.
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study manifested improvement in their voice, three of
five in every outcome parameter.

All subjects had improvement in their VHI and sub-
ject self-assessment: Four of five subjects improved in
spasm counts and three of five subjects improved in their
expert voice evaluation. Subjects 1 and 3 felt that their
voices was normal on days 4 and 3, respectively, prompt-
ing a change in the expert voice evaluation Likert scale to
7 points to include “normal.” Although there is risk of pla-
cebo effect, the VHI and subject self-assessment may have
been the most accurate in discerning the effect of treat-
ment. These measures reflected the subject’s perception of
their overall vocal function over a prolonged period during
regular voice use. In contrast, the expert voice evaluation
of dystonia severity and spasm counts were based on a
review of a recording of three sentences read twice. These
recordings provided a narrow sample and may not have
fully represented changes in vocal function. In addition,
as a whole, these grading systems are unrefined evalua-
tors of SD response to treatment.25

The parameters in which subjects did not improve
included subject 4 in expert voice evaluation and subject

5 in a number of categories. The results for subject 5 are
confounded due to the URI that was contracted on day 3.
As often is observed with SD subjects, subject 5’s dyspho-
nia exacerbated with the onset of infection. It appeared
that subject 5 had been improving. Her self-assessment
score, expert voice evaluation, and spasm count initially
decreased. The post-VHI, which was improved by nine
points, may reflect this early improvement.

Subjects 1 through 4 appeared to improve through-
out the week as if there was an additive effect to the
treatment. On a number of occasions, subjects also noted
that their best voice was not immediately after stimula-
tion, which occurred from 7 A.M. to 8 A.M., but in the
afternoon. Subjects 1 through 4 all noted a carryover of
effect from 3 to 14 days after the last stimulation. The
carryover phenomenon is not unique; similar findings
were reported by Tinazzi et al.20 Patients with writer’s
cramp who were treated with TENS displayed 3 weeks
of carryover improvement in writing tasks. Unfortu-
nately, the evaluation parameters of this study were not
constructed to capture carryover. This will be rectified in
future investigations.

Fig. 3. The c-motor neuron regulates the sensitivity of the muscle spindle. The neuron keeps the intrafusial fibers of the muscle spindle taut
regardless of the tension exerted on the intrafusial fibers by the extrafusial muscle fibers. This tension increases the firing rate and sensitiv-
ity of the 1a afferent neuron.
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It is likely that the sub-a-motor neuron stimulation
that was performed here exerted its effect by modulating
the muscle spindle gamma loop via inhibition of the c-
motor neuron.8,10,13–15,17–19,21 The effect may also have
been via neuromodulation of the 1a afferent nerve.26

Further investigation is needed to identify the specific
nerve affected by the stimulation.

The stimulation in this study was crude—blind
placement of bipolar hooked-wire electrodes and stand-
ardized stimulation parameters. For electrical stimula-
tion to be a useful treatment, voice results must improve
from this feasibility study and be as good as those
achieved during the midcycle of BTX treatment. In con-
trast to a blindly placed hooked-wire electrode, con-
trolled placement of a multichannel electrode within the
TA should improve the ability to neuromodulate a larger
number of the gamma loop-related neurons. The position
of the stimulation, as well as its parameters, could be
modified to optimize treatment, as is done when a multi-
channel cochlear implant is mapped. Once mapped, SD
patients would be able treat themselves as needed, turn-
ing on the stimulator by affixing a magnetized transcu-
taneous battery to it. Treatment would be intermittent if
the additive effects and carryover noted in this and simi-
lar studies are found to be consistent.

The better stimulation technology that is needed to
achieve this may already be available in the form of the
stimulator evaluated in this study (Fig. 1) (Med-El, Aus-
tria). This implantable device was conceived for cochlear
implants and then modified for stimulation of the poste-
rior cricoarytenoid muscle in patients for bilateral vocal-
fold paralysis.22 It has been successfully implanted in
eight human patients (Med-El). As shown in this study,
the current model allows for fixation of the lead in the

TA with successful muscle stimulation. The lead also
passes easily in a subplatysmal plane from the larynx to
the mastoid area. Fairly limited modifications would
need to be made for the stimulator to be useful in SD
patients. Most pressing is the need to identify the best
electrode placement for effective stimulation, as well as
the most effective stimulation parameters. In tandem,
the stimulator must be modified for retroauricular place-
ment similar to a cochlear implant (CI), with the lead
passing into the neck instead of the round window.

CONCLUSION
The symptoms of SD improve after electrical stimu-

lation of the left TA at levels below a-motor neuron acti-
vation. The effect is likely via neuromodulation of the
muscle spindle gamma loop that is mediated through
affect on the c-motor neuron—and possibly on the 1a
afferent neuron. Placement of an electrode into the TA
with a postauricular stimulator is feasible with modifica-
tions of an already existing device. Further investiga-
tions to optimize electrode placement and stimulation
parameters are necessary. If successful, this implantable
device has the potential to deliver a painless self-
administered treatment as an alternative to BTX.
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