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Summary: The present article surveys the literature on the electrotherapy
treatment for voice disorders from the mid-18th century to World War I
(1914-1918) and the post 1970s reappearance of such therapies. The
reappearance of electrotherapy as treatment for voice disorders in the past
20 years has been heralded as a major breakthrough. In light of our reading
of the scientific literature of the 19th century, it can be shown to repeat many
of the presuppositions of electrotherapists of that time. The current resur-
gence of interest and research in electrical stimulation of the larynx is buoyed
by technological innovations analogous to those in the 19th century. Although
the current state of research has enhanced our understanding of vocal fold
physiology, it does not necessarily provide a new therapeutic approach as

a survey of the most recent literature shows.
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The recent (re)appearance of electrotherapy for
voice and swallowing disorders recalls how
important such therapies were for the treatment of
analogous problems for over 150 years, and how
precipitously such procedures were abandoned.
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The ““age of electricity”” saw the application of this
“new” medium to medical therapy, as a late
19th-century advocate noted.! There were, in fact,
at least two ‘“‘ages” of electrotherapy—each age
dependent on the meaning associated with electricity
as a cutting-edge technology. As with virtually every
technological innovation since the discovery of fire
and the invention of the wheel, electricity was imme-
diately applied to the treatment of pathologies, in-
cluding those of the voice. Yet in each age of its
development, different meanings were attached to
the function of “electricity” and certainly to the
question of what it meant to provide succor to that
most amorphous of human functions, the voice.
This tale provides a double insight into how voice
therapy was constituted in the light of technological
innovation and the implications of the historical
record for the present (nascent) fascination with elec-
trical stimulation of the larynx.
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The 18th century was, in a complex way, the first
and most extraordinary of the ages of electricity. It
saw the development of the electrostatic generator
by Otto von Guericke in 1660, and the harnessing
of electrical energy with the development of the
Leyden Jar by Pieter van Musschenbroek in 1746.
The possibility to store and use electricity on demand
led to its regular usage in therapy. It was of relative
low voltage, wattage, and amperage: it was, however,
often unreliable in its intensity and the therapists who
used electricity warned about its risk. Although static
electricity was used in a limited way, it was only in
the middle of the 18th century that the powerful
association of electricity as a new technology with
new therapies such as magnetism and mesmerism
(detested by Benjamin Franklin) led to a wide range
of therapeutic applications (Table 1).

Given the close association of therapy with reli-
gion (this is the age of radical secularization), the
most impressive therapeutic applications of all of
the new therapies were to the treatment of precisely
those pathologies (blindness, madness, deafness,
and lameness) that haunt the Biblical narratives of
cure.’ Treatments of the voice play a minor role:
nevertheless the voice was the consistent object of
concern from the 18th century through the early
20th century. When we look at the “‘standard” texts
on the topic, those that were popular or were cited
as authorities, when we look at the handbooks or
the textbooks, a pattern begins to emerge. In the
first generation of therapy with electricity, the

question was what aspects of the voice were appro-
priate and how was such therapy understood.

John Wesley, the founder of Methodism and the
author of one of the best-selling medical handbooks
in England from 1750-1850, noted in 1747 that
“electrifying in a proper manner cures’” a wide
range of illnesses from ‘‘blindness to wens,” [a
skin cyst].* This claim leads to his 1759 book of
electrical treatments in which he builds on the the-
oretical work of Benjamin Franklin and the specu-
lative, medical applications of Richard Lovett.’
Wesley claims the widest efficacy for the applica-
tion of static electricity. Among the treatments
mentioned is that of the “sore throat.”* He provides
a case study of a woman ‘‘taking cold, [who] was
seized with a sore throat, which grew worse and
worse for six days. She then could not swallow
even a bit of bread soaked in tea. The same morning
she was electrified, so as to direct the shock in
a right line thro’ the part affected. By the time
she got home she could eat anything. Two shocks
more made a perfect cure.”* One further case study,
that of a “palsy that affected speech was taken from
Richard Lovett*: “April 18th 1759. A remarkable
case happened at Edinburgh. Robert Moubray, in
the beginning of January was struck with a palsy
of the tongue, and soon after entirely lost the use
of his speech. Last week he began being electrified,
and by Saturday he was able to put out his tongue,
which was dead and motionless. On Monday he
could speak a little, and on Tuesday he could speak

TABLE 1. Electricity Comes of Age Leading to its Application to the Treatment of Voice Disorders

1746 Pieter van Musschenbroek developed the Leyden Jar to store energy produced by electrostatic generator.
1737-1798 Luigi Galvani discovered that a dead frog’s leg will move when in contact with two metals and this led to the idea

of animal magnetism.

1816 Alessandro Volta (1745-1827) discovered that the charge was the result of the relationship between metal, acid,
and body fluids leading to the development of the battery.

1831 Michael Faraday (1791-1867) discovered electromagnetic induction (faradic coil).

1844 Carlo Matteucci described the theory of counter-currents, continuously flowing direct current generated by
injured tissue. He applies this to treatment of muscular paralysis.

1849 The German Emil Du Bois Reymond formulated the law of electrical muscle stimulation, finding that stimulation

of any part of a muscle impacted the whole and first used induction coil for muscle stimulation. Together with
the work of Matteucci, this lead to the discovery of muscle action potentials.

1855 The French physiologist Guillaume Benjamin Amand Duchenne mapped “motor points on the body.”

1857 Hugo Ziemssen expanded mapping to the face, head, and neck. He described in great detail how the
electrification of the muscles of the face revealed the underlying connections.

1863 Following the development of the illuminated laryngoscope, Morell MacKenzie began to treat voice disorders

through the direct application of electrotherapy to the vocal cords.
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as well as every”® (Quoted from ref. 6, p.109).
Both of these cases look at the underlying “‘cause”
rather than the phenomenology of the voice, though
in both the loss of voice or speech was the primary
symptom that demanded electrification. In both,
voice/speech was restored.

Notable about these early applications is the de-
tailed accounts of the physics of electricity and the
technology of generating electricity that dominate
even Wesley’s popular handbook. The science is
there as much to provide the scientific claim for
the therapy as to explain its application and
function.

This is particularly true of the second age of elec-
tricity. Iwan Rhys Morus, the best historian of elec-
tricity, notes that the claims of the electrotherapist
rest to no little degree on the claims of electrophysi-
ology.” That is, the empirical and theoretical science
of anatomy provided the bono fides for all of the ther-
apeutic interventions. But this was true from the very
beginning of electrotherapy.

Once electricity could be tamed, the electrical
properties of muscles began to reveal themselves.
These discoveries led in part to further technologi-
cal developments. Galvani identified the movement
of the muscles in a frog when it came in contact
with two metals (brass and iron).® The galvanic (di-
rect) currents so produced were seen as a ‘‘natural”
phenomenon inherent to the very composition of
the body. With the discovery by Alessandro Volta
in 1816 of the “voltaic pile” (battery), the induced
currents could be mastered in ways that static elec-
tricity never was. Michael Faraday developed the
electromagnetic induction (faradic coil) or alternat-
ing current, beginning the ongoing debate as to
which method of electrical generation is better,
faradic (alternating current) or galvanic (direct
current).

The work of Carlo Matteucci, Emil Du Bois Rey-
mond, and others lead to the discovery of muscle ac-
tion potentials by the middle of the 19th century.”'°
The French physiologist Guillaume Benjamin
Amand Duchenne, in 1855, continued the investiga-
tion of the points on the exterior of the body, which
would trigger deep muscular reactions when stimu-
lated with “localized faradization.”'! For him, this
was a central leap in the potential physical therapy
of the body. This discovery led to a wide-ranging

therapeutics of the body through the identification
of trigger points from which induced currents would
move the muscles deep in the body.

Reports of cures using either faradic or galvanic
current began to emerge. In 1857, the German phys-
iologist Robert Remak undertakes the cure of stam-
mering in a 12-year-old boy who ‘“after thirteen
treatments had all but stopped stuttering.”'* Virtu-
ally all of the therapists are concerned more with
what type of electricity and the locations of treatment
than any measure or explanation of the relationship
between outcome and therapy.

Following Duchenne’s model and Remak’s ther-
apeutic claims, Hugo Ziemssen, then at the Univer-
sity of Greifswald, turned to the study of the
anatomy of the head and neck. In his 1857 compre-
hensive handbook of electrotherapy, Ziemssen
describes in great detail how the electrification of
the muscles of the face reveals the underlying con-
nections.'® Here, he provided a corrective to Du-
chenne’s rather complex and contradictory model
of how the facial muscles worked.'! Ziemssen, in
anticipation of work later in the century, is able to
create the effect of the expression of emotions by
electrifying specific groups of muscles to make
his subjects seem to be angry or be fearful.'?

Ziemssen does not make specific applications of
this knowledge for head and neck therapy (except
to note that the use of electricity to “shock’ someone
out of a coma due to CO, poisoning)."? ““Shock ther-
apy’”’ remains a standard technique throughout an age
obsessed with people being buried alive. Remember
Edgar Allen Poe’s “The Fall of the House of Usher”
(1845). It is the forerunner of electric cardiac defi-
brillation developed by William B. Kouwenhoven
in the 1950s and 1960s. This then, in turn, led to
the development of the electrical pacemaker, now
used experimentally for vocal fold paralysis.

Building on this new association of the physics
and physiology of electricity, as was the case in
each of the earlier ages, therapists immediately be-
gan to apply their knowledge to the cure of the
body, including that of the head and neck. Once
specific muscle groups of the head and neck were
identified and could thus be ‘“‘manipulated” by
the application of electricity, a new electrotherapy
of the voice was possible. Inherently more ‘““‘scien-
tific”” than that of the 19th century, as it based its
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claims on the newest science of electricity, most of
these approaches expressly linked (and explained)
their versions of the new science of electrophysiol-
ogy to therapy. Thus, Harry Lobb, building on the
work of Duchenne, presents in the Proceedings of
the Royal Society in 1863 the therapy for ‘“‘para-
lyzed muscles” through the application of electric-
ity."* His argument is to distinguish “paralyzed”
from “‘healthy” muscle groups, but he actually pro-
poses that this act will stimulate and activate the
paralyzed muscles.

The single individual who did more than any one
else to apply such mixed scientific and empirical
approaches to the voice was Morell MacKenzie
(1837-1892). He studied medicine in London,
Paris, and Vienna; in 1859 he visited Johann Nepo-
muk Czermak in Pest where he was exposed to the
first medical use of the new, illuminated instrument,
the laryngoscope. (It had been invented in 1854 by
the singing teacher Manuel Garcia, who from 1848
to 1895 taught at the Royal Academy of Music in
London, to explore the ‘“normal” voice.) When
MacKenzie returned to London, he began to use it
and won the Jacksonian Prize of the Royal College
of Surgeons in 1863 with a treatise ““On the Pathol-
ogy and Treatment of the Diseases of the Larynx”
illustrated for the first time with images taken from
the laryngoscope. He helped found the Throat Hos-
pital in Golden Square in 1863. Later in his career
as the most famous laryngologist in Europe, he was
embroiled in the misdiagnosis of Friedrich III (the
Emperor of Germany) who then died of throat can-
cer in 1888 under his care. But in 1863, under the
influence of Ziemssen’s anatomical work cited at
the opening pages of the book, he turned to the
treatment of voice disorders through the direct
application of electrotherapy to the vocal cords.'

MacKenzie was not shy about making precisely
those claims for cure found in the works of Remak
and earlier electrotherapists. Now, however, he
could provide an empirical proof, his laryngoscopic
pictures, to show the efficacy of electrotherapy,
now delivered directly to the vocal cords. He saw
all “nervous afflictions” of the larynx as either
those of the motor or sensory system.'’> To treat
these, one needed to learn where and how to apply
currents directly to those parts understood as being
affected. He provides clinical diagnosis of a wide
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range of vocal problems. For example, he discusses
“bilateral paralysis of the adductors of the vocal
cords,” which he ascribes to either *‘debility or hys-
teria.”'> He moves to the treatment “which is al-
most always successful. This is the direct
application of electricity to the vocal cords.” '
There is an ancient association between the loss
of speech (globus hystericus) and hysteria, which
reappears in the 19th-century revitalization of hys-
teria as a diagnostic category.'® Hysteria in the 19th
century is defined in conflicting ways; there are the-
ories that place hysteria in the realm of neurologi-
cal disorders (as the result of physical trauma)
and those who see it as a psychological disorder.
The discussions of hysteria and the voice assume
a physiological basis for hysteria. There is, how-
ever, a gendered quality to these diagnoses, which
is inherent in the general 19th-century use of hyste-
ria as a diagnostic category, as Sigmund Freud
learned in 1886 when he tried to speak of “male
hysteria.”'” As late as 1908, Wilfred Harris at St.
Mary’s Hospital in London, notes that “hysterical
aphonia is most commonly met with in young
women, and is apt to recur at various times, like
other hysterical symptoms. If of recent onset, it
can often be cured at once by electrical treatment,
though the faradic current will be much better for
this purpose than the galvanic.”'® MacKenzie ini-
tially places one pole of the direct current ‘“‘laryn-
geal electrodes™ (designed by him) externally and
the other “within the glottis.” The pole is charged
with a “‘succession of short rapid shocks™ and ap-
plied three or four times at each treatment. “The
sudden restoration of the voice in some cases, after
one application of electricity, indicates that the cu-
rative influence in these instances is in all probabil-
ity of an emotional nature.” !> He treats (by 1868)
more than 200 such cases with success in all but
four."” He provides a series of cases such as that
of “Miss D, aged 43, with an aphonia of nearly
five years standing.”'> Completely voiceless for
4Y5 years, she showed ‘“no signs of hysteria...and
her sister informed me that she was not inclined
that way.”'> MacKenzie makes a laryngoscopic ex-
amination and sees that ‘““though on attempted pho-
nation the vocal cords moved slightly towards the
median line, they did not nearly approximate.”'’
He diagnosed ‘‘paralysis of the adductors of the
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vocal cords.” After the fourth daily application of
electric current to the vocal cords, the voice returns
“very feeble, jerky, spasmodic’’; but after 3 weeks
of treatments “it was quite natural.””'> Further case
studies describe paralysis of the tensors also. What
is striking in virtually every case is that by being
able to return function to the voice through the ac-
tivation of what are seen (literally) as paralyzed
muscles, MacKenzie is able to counter the stigma-
tizing diagnosis of hysteria (especially in his male
patients). In the end if stimulation of the muscles
restores speech or strengthens the voice, the etiol-
ogy must be “nervous,” ie, in the neurological or
muscular system, not in the psyche. The ‘“‘larynx
is a musical instrument of extraordinary perfection
and charm,” writes H. S. Bristowe in 1870, “It is
generally considered to be a reed instrument, and
is no doubt more related to this than any other va-
riety of musical instrument.”'® Such a mechanical
view of the voice is the result of the radical soma-
tization of vocal therapy; retrain the right muscles
and the reeds will vibrate.

By 1869, Mackenzie presents his successful treat-
ment of “aphonia and the weakness of the voice”
through faradization to the general medical establish-
ment, as an example of how cutting edge therapies
complement cutting edge technologies such as the la-
ryngoscope. His central concern is placement: what
would be the best placement for the electrodes? He as-
sumes that electrotherapy is effective, as he sees it as
the “natural” extension of the work of Duchenne
and Ziemssen in electrically mapping the muscle trig-
ger points. For MacKenzie, introducing the electrodes
into the larynx was a more complicated procedure than
merely mapping the muscles as the physician had to
use the new technology of the laryngoscope. However,
he found that he had a quicker response using his inter-
nal placement of electrodes with less “fatigue and
pain.”?° William Harvey King at Hahnemann Hospital
in Philadelphia during 1889 found the external place-
ment of the electrodes on the neck on each side of
the trachea preferable in the treatment of laryngeal
nerve paralysis. He felt that the internal method was
“certainly annoying to the patient.”' What is striking
is how the placement of the electrodes, the diagnosis of
the pathology, and the specific identification of the pa-
tient’s vocal use are necessary to define the therapy.
These delivery methods and placement continued to

be used with minor variations into the early 20th cen-
tury.”? Recent advances of microtechnology have even
made implantable devises possible.

Itis important for us to understand that MacKenzie
defines ‘‘paralysis of adductors” in terms of
*““chlorosis, anemia, debility, hysteria, and its cognate
affections, recognized by the abnormal elongation of
the vocal chords and elliptical opening between
them.” 'S “Electro-puncture” is used for two types
of paralysis of the unilateral or bilateral of the
cricothyroid and the lateral adductors. Although
the physiology may reflect our contemporary under-
standing of the nature of the pathology, aided
by MacKenzie’s use of the laryngoscope, it is
clear that his understanding of the etiology and
implication of such symptoms is also shaped by the
technology available to him.

In trying to determine under what conditions and
for which pathologies “‘faradization’ (electro-stim-
ulation) was used, one must be careful not to pre-
suppose that we easily could translate the
diagnostic categories of the time into our 21st-cen-
tury diagnostic categories. ‘“Updating” diagnoses
based on the scant information in case histories,
whereas tempting, presupposes a continuity of di-
agnosis which does not exist, assumes that medical
terminology has been static, and that there is no
cultural context for diagnosis. For example, after
Sigmund Freud’s rethinking of “neurosis,” this
term in the early 20th century now refers (at least
in the popular language) to a psychological state.
However, in the mid-19th century (and for the neu-
rologist Freud) it referred specifically to lesions of
the nervous system. During the course of the 19th
century, “nervous afflictions of the larynx” could
mean anything impacted by the nervous system,
from true neurological paralysis to what we today
consider to be “‘conversion disorders.”

In the 1840s, American medicine had also begun
to adapt the craze for electrotherapy (or ““Franklini-
zation” to give an American label) to the treatment
of all forms of illness.”> Applied to ALL somatic
pathologies, it is of little surprise that the voice
too became a site for therapeutic intervention.**
MacKenzie’s central role in linking therapy of the
voice with the ability to ““see” vocal production
shaped the claims of his direct therapeutic method.
By the 1870s, such direct interventions had also
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become part of the cutting edge treatment of voice
disorders in America. Beverley Robinson at Charity
Hospital in New York City presented a case of
aphonia of 10-month duration cured, as with
MacKenzie, by the application of “faradic current”
to the vocal cords. Again Robinson saw in this and
other cases of aphonia an underlying somatic con-
dition. No matter what the etiology, the loss of
voice can be remedied ‘“‘after one or two applica-
tions of electricity.” As the patient writes him: “I
can talk, laugh, call, read aloud, and use it as other
people do without any inconvenience.”*> Electro-
therapy became commonplace in the treatment of
American voice and swallowing disorders until
the beginning of the 20th century. William Harvey
King states in 1889 that both cases of hysteria®' and
damage to the laryngeal nerve®' can be so treated.
He does not advocate the direct application of the
electrodes to the larynx as “‘the current used is nec-
essarily much weaker” than in an external applica-
tion.” He notes, however, ‘“hysterical aphonia may
be treated in this manner, but the current should be
strong enough to produce an unexpected cry.”?'
King’s work in electrifying muscles was seen by
him to do more than just restore muscle function
whether to limbs or voice: ‘“The whole nervous sys-
tem seems sometimes to be reorganized. Peevish,
fretful children become quiet and cheerful, melan-
choly is changed to happiness, and stupidity to
brightness.”*® In 1897, he too writes about the per-
fection of the “larynx as a musical box.”?’ He
wants to retune this “musical box,” strengthen the
muscles and to heighten the pitch of the voice by
means of electrotherapy. Here, he takes direct issue
with MacKenzie’s purely therapeutic approach to
the voice.”” He sees this as a means of strengthen-
ing those muscles of the throat weakened as a “‘local
neurasthenia,” a weakness of the nervous system, at
the time labeled by its “‘discoverer’ the electro-
therapist George Miller Beard as early as 1869 as
“The American Disease.”?® This is the disease of
urban, stressful life; the suffering of those unable
to keep up with the speed of modernity, whose ner-
vous system collapses under the strain.

Beard, like many of his contemporaries, saw
nervous fluid and electricity as interchangeable
and associated with a principle of vitality. Thus, pa-
thologies were disequilibrium of nerve force, and
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electricity was seen as restorative. And what Amer-
icans suffer from this? None other than ‘“‘profes-
sional cultivators of the voice.”*® “Any one who
has treated neurasthenia knows that physical exer-
cise is good up to a certain degree, but when you
undertake to go beyond that point all exercise is in-
jurious and if persisted there will be a collapse. Ex-
actly the same conditions prevail here and are the
cause of so many voices breaking down under train-
ing.”*® Here, it is the confluence of “physicians,
scientists, and music teachers” who must be aware
of the need to treat the underlying weakness of the
neurasthenic voice before the professional voice
user suffers.”® William Harvey King anecdotally
tells of one of his patients referred to him by
“one of the best music teachers in this city” who
had a “partially paralyzed” vocal cord, ‘“‘the two
cords were not drawn to the same tension, and
she was unable to produce a note.” He treated her
through electrotherapy and her voice was
restored.”” Following this article, a group of voice
specialists discussed King’s claims of an electric
prophylactic therapy for the voice. They discussed
the use of externally applied faradic current for
the treatment of laryngitis and the use of electricity
as “a voice tonic.”?’ The consensus was that weak
voices need muscular training; since ‘‘phenomenal
voices” represented the ideal forms of musculature.

The argument that all voice conditions have un-
derlying somatic causes and are thus the appropri-
ate venue for electrotherapy becomes a mantra in
European laryngology after MacKenzie as well.
Wilhelm Erb™ at Leipzig develops his own sug-
gested therapies, following the lead of Remak and
Sigmund Freud’s teacher, Moritz Benedikt.”’ In
Erb’s 1886 handbook, he notes the treatment of
laryngeal disorders through “‘faradic” therapy, but
concludes with a discussion of the treatment of
pure disorders of the vocal cords as in the case of
hysteria. Much of the success, he notes, is transitory
and demands regular faradic treatment.*”

The craze for electricity as therapy for nervous
diseases, including those of the voice, spread
widely. The idea that the body was itself a source
of “natural” electricity and that the application of
electrical current or static electricity has innately
therapeutic power became commonplace by the
close of the 19th century. All of these innovations
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were linked to ‘“‘real” science: the developing un-
derstanding of anesthetics or the electric properties
of the muscles and the nervous system. But all
assumed that there were infinite therapeutic ap-
plications for these physiological discoveries.
Suddenly the application of mild currents, usually
alternating (faradic) current, was the therapy of
choice for diseases from neurasthenia to gout to
diabetes. Hospitals in the United Kingdom and
Germany had full departments of electrotherapy
catering to such clients by 1900. They were a further
means of justifying the relationship between *sci-
ence” and therapy.’’** The primary pathologies
being treated were nervous or hysterical aphonia,
paralysis of the larynx, impaired phonation, general
weakness of the voice often affecting the entire
range, esophageal spasms, and difficulty swallow-
ing. Treatment of acute laryngitis and myasthenia
gravis were counter indicated.”’ As understanding
of muscle physiology improved, the treatment of
paralysis with electrical stimulation was undertaken
only when muscles remained intact.>® The tech-
niques used were little different from those devel-
oped by MacKenzie. Treatment durations varied
from one session for hysterical aphonia to daily ses-
sions diminishing in frequency over several weeks.
The stimulation times and methods also varied de-
pending on the type, faradic or galvanic, and the
strength of the current.'®**>* What is clear from
this wide range is that the debates about the use of
electrotherapy turned on the nuances of the treat-
ments, not on their efficacy. The assumption is that
electrotherapy of the voice is effective, the only
question is how best to undertake it.

In France, Granier and Moutier, the voice
teachers associated with the Opéra, used such tech-
niques to ‘“‘strengthen the singing voice.” It cured
“fatigue vocale” and made ‘“‘the sustained produc-
tion of the higher notes more easy.”*> William
Scheppegrell of New Orleans contributes a major
chapter on diseases of the throat, ear, and nose to
Solomon Solis Cohen and George W. Jacoby’s “al-
ternative” (nondrug) therapeutic handbook in
which he advocates his own form of laryngeal elec-
trode for the treatment of voice disorders.*® He pla-
ces the electrodes to ‘“stimulate the recurrent
laryngeal nerve” and to treat “‘obstinate cases mis-
taken for subacute or chronic laryngitis in actors,

lawyers, clergymen, and others who make much
use of the voice, and which are due not so much
to inflammation as to improper methods of phona-
tion. The causative errors should, of course, receive
due attention.”®

As late as 1921, Francis Howard Humphris, for-
mer head of the Electro-Therapeutics Department
of the Third London General Hospital, advocated
the placement of electrodes on the outside of the
throat to treat “public speakers and singers” who
“have great relief when their voice is over-strained.”
He also argues that such treatment has ‘““in one
perfectly healthy singer [raised] the voice ... one
half-tone each way to its register.”*” Over and over
as such approaches came to be standard, the variables
in treatment include the social role of the speaker and
its implication of etiology of the pathologies.

Now it is clear that electrotherapy in its many
forms was the treatment of choice by the end of
the 19th century for a wide range of illness includ-
ing those of the voice. But there were always dis-
senting opinions. William Beven in 1842, at the
beginning of the electrophysiological era, called
such therapies ‘‘another instance of those chimeri-
cal fancies of the day, which are perpetually dis-
gracing our profession, and bringing it into
contempt with the public; that, like mesmerism, it
will meet with a similar fate—to be merely had
in memory, and as a tale that were told.”*® The
fact is that it does not vanish but becomes institu-
tionalized with all of its far-reaching therapeutic
claims. The wide scale sale of quack “electrical
cures,” such as the Diaduction Machine patented
by Hercules Sanche in 1887 and sold by Sears
and Roebuck in their catalogue for $10.00 further
drew such therapies into question.*

The question had begun to be raised as to why
electrotherapy was affective in the treatment of
voice disorders. The test case became that wide-
spread malady, hysteria, and its defining symptom,
at least for the 19th century, globus hystericus, the
constriction of the throat and the absence of the
voice. Some, like Charles Darwin in 1872, argued
that such symptoms are merely the extension of
the “normal” emotion of grief.*> Others, such as
the psychologist G. Stanley Hall, saw it as a “‘nor-
mal” response to sexual development.*' As “nor-
mal” responses, they need little or no treatment.

Journal of Voice, Vol. 22, No. 2, 2008



226 MARINA GILMAN AND SANDER L. GILMAN

It was the Viennese neurologist Sigmund Freud
who recognized globus hystericus as a central
symptom of hysteria but sought a new method for
its treatment. For the young Sigmund Freud, hyste-
ria is the ‘“‘contrary” of neurasthenia; it too is
a modern disease, but one which has its roots in
a trauma of the central nervous system. One of
the central symptoms of this new way of seeing
hysteria as a result of neurological trauma is the
“well-known ... globus hystericus, a feeling refer-
able to spasms of the pharynx, as though a lump
were rising up from the epigastrum to the throat.”**
Yet, Freud is quite aware that hysteria is no way
a disease of women, as ‘“hysteria in males gives
the appearance of a very severe illness.”** For all
of the symptoms of hysteria, electrotherapy was
the treatment of choice.

Certainly, the doubts about the efficacy or danger
of the application of electricity in all of its forms to
the voice were also sensed by the late 19th cen-
tury.*® Friedrich Ernst, in his 1899 study of the pa-
thology of the singing voice, refrains from any
mention of electrotherapy.** By 1897, Sigmund
Freud abandoned his view that all of his hysterics
suffered from sexual trauma. He also abandoned
the use of electrotherapy, seeing it as the result of
suggestion and as a “pretence treatment.”*> He
continued to treat voice and vocal problems, but
through psychoanalytic interventions as he under-
stood them as psychogenic. Freud was among
a growing number of therapists in the 1890s, who
came to judge electrotherapy as unsuccessful and
yet their powerful associations with the newest
technologies of the dynamo and mass electrification
made it remain seductive.*’

This anxiety about the efficacy of electrotherapy
came to be shared by the professional electrotherapists.
Samuel Sloan (1911) in a presentation to the electro-
therapeutical section of the Royal Society of Medicine
London, writes: “The successful electro-therapeutist
must be first of all a skilled physician with a wide ex-
perience of men and women in health and in disease;
for it is a diagnosis not of the disease but of the patient
which is all-important. ... failures in electro-therapy...
are due to neglect in the diagnosis, not of the disease,
but of the cause.”*® This marks both the high point
of the acceptance of electrotherapy in the medical pro-
fession and the moment when it begins to be
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questioned. Over the next four decades it would vanish
so completely that “electro galvanic machines” came
to be relegated to museums rather than therapy rooms.

By 1969, electrotherapy had become an adjunct of
physiotherapy and the standard handbook of the day
while speaking of diathermy, electroshock, ultra-
sonic and ultraviolet therapies avoid any discussion
of the treatment of the larynx or the voice.*’” The
“tingle”” effect, the key to the psychological function
of electrotherapy, had ceased to be associated with
medical treatment as electricity became a common-
place of Western cultural experience.*®

Between the end of WWI and the mid-1960s,
mention of electrical stimulation for treatment of
voice disorders all but disappears. Interest resur-
faces in the mid-1960s in Russia, where electro-
therapy as an artifact of the persistence of older,
German medical traditions, had still persevered.
Indeed with the wide acceptance of the work of
Yakov Kots and his Soviet coworkers beginning
in the 1970s, electric stimulation therapy for mus-
cle strengthening has become a commonplace in
sports medicine and beyond.* It is of little wonder
that it was also applied in the USSR to a wide range
of pathologies including those of the voice. By the
1960s, Soviet researchers reported the use of
sinusoidal low frequency currents on patients with
vocal fold paralysis and parses.”

As the general acceptance of electrotherapy and
electrostimulation increased in the West with
perceived improvement of technology, the Russian
model, an artifact of Soviet medicine’s conservative
retention of older German models, came to infil-
trate Western approaches to voice therapy. Again
placement becomes central to discussions of
efficacy. From the earliest applications, electrical
stimulation was administered either by externally
applied electrode or by electrode internally placed
into the muscle. Since the 1960s and the reintroduc-
tion of electrotherapy, several different terms for
electrical stimulation have been developed. These
include functional electrical stimulation (FES),
neuromuscular electrical stimulation (NMES or
FNS), and electrical pacing (laryngeal pace-
makers). Such therapy is used to effect muscle
strengthening, synchrony of firing, and force of
contraction.”’ Many of these use newly developed
technologies, such as the cardiac pacemaker, as
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their models. More recently, functional neuromus-
cular stimulation (FNS) has been advocated to re-
store activity to a denervated muscle system. In
the late 19th and early 20th century, following the
work of Duchenne, it was understood that electrical
stimulation was only efficacious for muscles that
were neurologically intact. Electrical stimulation
was thought effective only in cases of preserved
nervous control where the patient exhibited efferent
and afferent of muscle activity, incomplete loss of
function of executive organ, and sufficient joint
mobility for movement. With these caveats, it was
believed that there was a potential for partial and
sometimes complete recovery of movements.>
Most recent applications use electrodes inserted
into the muscles (intramuscular) and an indwelling
controller like a pacemaker to provide the stimula-
tion either under patient or automatic control.
Again the true innovation lies not in the underlying
theory, but in the greater sophistication of technol-
ogy coupled with increased knowledge of the
specific anatomy of the laryngeal musculature (Ta-
ble 2).

In the West, interest in the electrotherapy of the
larynx seems to have reappeared in the 1970s and
1980s. It was David Zealear and Herbert H. Dedo
who in 1977 introduced the concept of electrical
stimulation of laryngeal muscles beginning with
a series of animal experiments derived from Wladi-
mir T. Liberson’s ideas on functional electrotherapy
for “foot drop.”>** There followed a series of an-
imal studies on the use of electrical stimulation in
the regulation of paralyzed laryngeal muscles by
means of implants.”>* Unlike their predecessors
100 years earlier, they had improved understanding

of vocal physiology and function as well as im-
proved technology available to them to charter the
impact of their use of electricity in the stimulation
of the muscles. As Michael Broniatowski and his
collaborators had noted in 1985, progress in the
field was only limited by the available technol-
ogy.>* How very much like the debates about elec-
trotherapy in the 19th century. The use of
implantable laryngeal pacemakers quickly became
a “hot” topic of research.

By the early 1990s, animal research was suffi-
ciently advanced to permit human studies; it sug-
gested the possibility of FES for managing
peripheral neuromuscular deficits, including bilat-
eral vocal fold paralysis and spasmodic dysphonia.>
Implantable devices seemed a possibility as vagal
nerve stimulation for treatment of epilepsy had
been introduced in 1990. In 1996, Zealear et al®?
published a case study on the feasibility of the use
of electrical pacing in a human larynx using needle
electrode to locate and pace the posterior cricoaryte-
noid. They wanted to determine whether electrical
stimulation of posterior cricoarytenoid could
produce functional adduction of vocal folds in pace
with inspiration. Initial results were positive.

Since the beginning of this century the pace of re-
search has continued to increase. Technological im-
pediments including the relative small size of the
muscles being stimulated made electrode placement
difficult. There was the ongoing difficulty of the cor-
rosion of the hardware. There was the difficulty of
matching the pacing to the need of the patient as op-
posed to the demands of the pacemaker. Researchers
found that it was difficult to prevent the spreading of
current to adjacent muscles, given our still limited

TABLE 2. Research and Clinical Applications and Trends in Electrical Stimulation Since 1990

Dysphagia
Paralysis/Laryngeal External Electrode
Muscle Pacing Spasmodic Dysphonia Internal Placement Placement
1993 Lundy 1993 Lundy
1994 Goldfarb et al
1996 Zealear
2001 Grill et al 2000 Bidus 2002 Leelamaanit et al 2001 Freed

2002 Billante et al
2003 Zealear et al
2004 Zealear et al

2001 Shear and Lee
2001 Grill et al

2003 Burnett et al 2006 Ludlow et al
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understanding of muscle physiology, specifically la-
ryngeal muscle physiology.®

Recent advancements in techniques of reinnerva-
tion and the increasing ability to miniaturize de-
vices have altered the course of current research
and the overall claims of therapy. Researchers
have been able to de/reinnervate muscles through
surgical interventions. The question is now: Can
electrical stimulation positively affect full recovery
without synkinesis [the aberrant regeneration of
nerve fibers]? In 2001, Grill et al suggest that
NMES for bilateral vocal fold paralysis preserved
muscle conditioning until reinnervation could take
place, following the implantation of electrical pac-
ing devices in the posterior cricoarytenoid.®’ They
found that synkinesis did take place interfering
with voluntary movement.

An incomplete understanding of the complexity
of the neuromuscular structure of the larynx may
explain the complex response to electrical stimula-
tion. Zealear and Billante (2004) report the work of
Sanders et al who show that there are functional
compartments to the muscles.®® Their evidence of
two or three functional compartments is based on
the presence of fascial barriers, differences in fiber
direction, and site of insertion of the posterior cri-
coarytenoid, thyroarytenoid, and cricothyroid mus-
cles. They found this further supported by the
biochemistry of the muscles, fiber types, and direc-
tions. Indeed, even with such innovations in our un-
derstanding of the anatomy of the musculature, it
seems that branching patterns are variable among
individuals. The significance of this finding is that
each muscle is not a single entity, but rather part
of a functional complex. Innervation patterns
were also discovered to be more convoluted. For
example, the vocalis muscle appears to receive
some innervation by the external branch of the su-
perior laryngeal nerve and the recurrent laryngeal
nerve. As a result of this complex innervation and
compartmentalization, a higher level of control of
individual functions is possible. Paralysis may oc-
cur when either synkinesis or dysfunction occurs.
Dysfunction may be now redefined as appropriate
but inadequate reinnervation. Reinnervation may
be inappropriate if synkinesis occurs, resulting
from an inadequate number of regenerating neurons
reaching their endoneurial conduits.
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Experimental results for treatment of spasmodic
dysphonia by electrotherapy have been more lim-
ited. In addition to the mention by Lundy,”” Bidus
et al® report reduction in the severity of symptoms
with severe abductor spasmodic dysphonia patients
using a temporary wire electrode placed in the thy-
roarytenoid and lateral cricoarytenoid muscles.
Sheer and Lee in 2001 found that combining
electrical stimulation with acupuncture reduced
the severity symptoms in patients with adductor
spasmodic dysphonia.®* Grill et al found that
NMES of the thyroarytenoid muscle in patients
with adductor spasmodic dysphonia reduced symp-
toms when stimulated with NMES.®! However,
technological problems with electrode placement
into a single muscle and timing were noted and
long-term outcome studies have yet to be under-
taken on a larger sample of patients.

The focus of this article is primarily on the use of
electrical stimulation on vocal fold function in the
treatment of voice pathologies. However, the over-
lap of function of the laryngeal structures and the
recent controversy about the use of VitalStim
(Chattanooga Group, Chattanooga, TN) for treat-
ment of swallowing with reported secondary effects
on voice disorders leads us to mention briefly cur-
rent applications of electrical stimulation in dys-
phagia research and therapy. As such a conflation
was a commonplace in the electrotherapy of the
19th century, it may be constructive to examine
contemporary therapies in this light.

At the beginning of the 20th century, H. L. Jones
in 1904 recommended using statical charging as
a valuable treatment for esophageal spasm and dif-
ficulty in swallowing.>* At the very end of the cen-
tury, the experimental use of electrical stimulation
for treatment of dysphagia has again been reported.
Marcy Freed began to use electrical stimulation in
dysphagia therapy in 1995. Freed received the
United States Food and Drug Administration ap-
proval to market her VitalStim device in 1997.%°
She published a controversial®® study in 2001, com-
paring the efficacy of electrical stimulation to ther-
mal stimulation for dysphagia in 110 stroke
patients.®” She reports that the electrically stimu-
lated patients appeared to do better than the thermal
stimulated patients. However, Coyle calls into ques-
tion the general methodology of the study including
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randomization of patients, rater reliability, and lack
of sufficient information to replicate the study. In
the previously mentioned review article, Grill et
al in 2001 report that stimulation of mylohyoid
and thyrohyoid together improved laryngeal eleva-
tion more than did stimulation of the individual
muscles.®' They also noted that percutaneous uni-
lateral stimulation seemed to create an effect bilat-
erally implying sphincter-like relationships of the
laryngeal muscles. Leelamanit et al (2002) tested
the hypothesis that synchronous contraction of the
thyrohyoid muscles would improve dysphagia sec-
ondary to reduced laryngeal elevation.®® Of 23 pa-
tients, 20 improved after the first round of
treatment. Six patients with initial improvement re-
lapsed at 2 and 9 months, but were restimulated
with good results. As with Freed, electrode place-
ment was external. A recent study of eight patients
with a history of aspiration by Ludlow et al in 2006,
used the transcutaneous VitalStim electrodes and
protocols.®” The only motoric effect of surface
electrode stimulation with the specific electrode
placement used, was depression of the hyoid. How-
ever, they found that patients with the greatest de-
gree of hyoid lowering during motor levels of
stimulation at rest had the greatest improvement
in swallowing with the same levels of stimulation.
Findings suggest that patients with little of no abil-
ity to produce laryngeal elevation might be put at
risk for aspiration if electrical stimulation was
used to depress the hyo-laryngeal complex.®’
Therese A. Burnett (2003) used monopolar elec-
trodes inserted in the mylohyoid, thyrohyoid, and
geniohyoid muscles to determine which would pro-
duce the greatest laryngeal elevation in normal
males. Their findings were inconclusive. They
found that “‘no one muscle or muscle pair achieves
the greatest laryngeal elevation in all individuals
and that no one muscle or muscle pair achieves
the greatest laryngeal elevation in all individ-
uals.”’® To date, as was the case a 100 years before,
results are either inconclusive or there was no re-
ported change.

Anecdotal evidence of the success of electrical
stimulation for the treatment of dysphagia, primar-
ily with external electrode placement, abounds. Re-
cently, there have been additional anecdotal
accounts of improved vocal quality with electrical

stimulation. This seems to be the case particularly
with patients with Parkinson’s disease. However,
some speech therapists also claim to have had suc-
cess using electrical stimulation (specifically Vital-
Stim) for the treatment of benign vocal fold lesions.
Based on these claims, the American Speech-
Language and Hearing Association’s special inter-
est Division 3 Voice and Voice Disorders has drafted
a document reminding members that there currently
are no recent clinical outcome studies indicating
that electrical stimulation has any validity for voice
therapy.”" It is interesting to note that the major out-
come of electrical stimulation in the 20th and 21st
centuries is not new and innovative therapies, but
rather an increase in out knowledge of neuromuscu-
lar physiology. Historical perspective is important,
not only to contextualize current trends, but also
help to pose new questions and revise expectations.

The entire history of electrotherapy of the voice
and the larynx is a chain of innovation, therapeutic
applications, newer innovations, newer therapeutic
applications, and the gradual abandonment of ap-
proaches no longer seen to be efficacious.”” With
the reappearance of electrotherapy as an ‘‘innova-
tive” therapy over the past decade, only long-range
outcome studies will show whether the abandonment
of such approaches a 100 years ago was correct or
not. This article has shown that new technological
advances in electrical stimulation methods have en-
hanced our understanding of the physiology of the
vocal folds, but like our colleagues in the 20th cen-
tury, electrical stimulation as an effective therapeutic
intervention is still elusive.
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