Neuromuscular Electrical Stimulation of the
Cricothyroid Muscle in Patients With Suspected
Superior Laryngeal Nerve Weakness
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Summary: In this retrospective case study, we report the apparent clinical effectiveness of neuromuscular electrical
stimulation (NMES) in combination with voice therapy (VT) for rehabilitating dysphonia secondary to suspected
superior laryngeal nerve (SLN) weakness in two female patients. Both patients failed or plateaued with traditional
VT but had significant improvement with the addition of NMES of the cricothyroid muscle and SLN using a VitalStim
unit. Stimulation was provided simultaneously with voice exercises based on musical phonatory tasks. Both acoustic
analysis and endoscopic evaluation demonstrated important improvements after treatment. In the first patient, the major
change was obtained within the primo passaggio region; specifically, a decrease in voice breaks was demonstrated. In
the second patient, an improvement in voice quality (less breathiness) and vocal range were the most important findings.
Additionally, each patient reported a significant improvement in their voice complaints. Neuromuscular laryngeal elec-
trical stimulation in combination with vocal exercises might be a useful tool to improve voice quality in patients with
SLN injury.
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INTRODUCTION

The application of electrical current within a muscle, referred
to as neuromuscular electrical stimulation (NMES), will elicit
muscle contraction by depolarization of the nerve fibers within
the treated region." NMES is a well-known modality in the
field of orthopedics and physical medicine.” Its aim was three-
fold: to prevent atrophy of the paretic muscle, speed up the
regeneration process, and prevent fibrillation. NMES can in-
duce recovery even in long-term—denervated human muscles.”
NMES has been widely used for speech-language pathologists
in patients diagnosed with dysphagia through surface electrical
stimulation.”'*

Surface electrical stimulation may help both muscle contrac-
tion and sensory input to the central nervous system (CNS).*"’
Low current levels may activate sensory nerve endings in
the surface layers providing sensory feedback to the CNS.
When the surface electrical stimulation is applied with higher
current levels, it may produce muscle contraction.'” These
effects are commonly accomplished in surface muscles. Deeper
muscles are much less likely to be activated by surface
stimulation.'*

The use of NMES for patients with voice disorders has
been proposed through surface electrical stimulation.'”'®
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Some clinicians and scientists suggest that combining vocal
exercises with adjunctive NMES may enhance the positive
effects of voice therapy (VT). The combined approach of
physical therapy and NMES has been reported to enhance
treatment outcomes in sports medicine'”'® and in stroke
rehabilitation'’ but, until recently, had not been tested in reha-
bilitation of any pathologic laryngeal condition. Schleier et al
compared the effects of NMES plus traditional VT versus VT
alone in patients with muscle tension dysphonia. They found
that the combination of NMES plus VT is better than VT
alone.”” Kruse’' recommended that NMES should be carried
out together with a special voice exercise treatment called func-
tional voice training but did not present data to support this
view. The concept of the “neuro-muscular electrophonatory
stimulation was later introduced,” where the patient performs
voice exercises together with single stimulation pulses.””

Most applications of neuromuscular stimulation in the larynx
have been aimed at reanimating paralyzed muscle.” *® Ptok
and Starck”’ in a study with 90 patients diagnosed with unilat-
eral vocal fold paralysis compared the outcome of traditional
voice exercise treatment with electrical stimulation—supported
voice exercise. In the group with NMES, irregularity decreased
significantly more than in the traditional VT group after a 3-
month therapy period. Maximum phonation time increased
similarly in both groups. This study indicates that NMES may
be a useful adjunct to traditional VT for patients with unilateral
vocal fold paralysis.

LaGorio et al’® investigated the clinical effectiveness and
safety of a novel behavioral VT program combining structured
vocal exercise with adjunctive NMES for rehabilitating chronic
dysphonia secondary to vocal fold bowing. Results demon-
strated that a standardized VT protocol (based on exercise prin-
ciples and using adjunctive NMES) increased maximum
phonation time and glottal closure and decreased supraglottic
compression. In addition, patients had significant improvement
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in the voice handicap index. Authors also suggested that the
application of NMES to the anterior neck recruited intrinsic
laryngeal muscle fibers, specifically the cricothyroid muscle,
thus contributing to increased vocal fold tension and improved
glottal closure. Other studies have failed to demonstrate
intrinsic laryngeal muscle activation and improvement in vocal
fold closure.'**”*” Moreover, several studies have investigated
the effects of NMES in patients with normal voice. Effects on
various objective measures were variable. No consistent
pattern was identified.”'*>

Injury to the superior laryngeal nerve (SLN) can result in
dysphonia, and in particular, loss of vocal range. It can be a
particularly difficult problem to address either with VT or sur-
gical intervention. The purpose of this retrospective study was
to demonstrate the clinical effectiveness of NMES in combina-
tion with traditional VT for rehabilitating dysphonia secondary
to suspected SLN weakness in two female subjects. We hypoth-
esize that adjunctive VT using NMES could have a potential
role in rehabilitating voices in patients with suspected SLN
paresis.

METHODS

Case report 1

A 48-year-old music teacher and classically trained soprano
presented with a 2-year history of dysphonia after an upper res-
piratory infection. Her main complaint was a large break in her
primo passaggio (area of the pitch voice range around 350 Hz,
where modal register may shift to a higher register) with signif-
icant diplophonia, as well as breathiness in her upper range. She
had been evaluated by another laryngologist initially and
treated with aggressive reflux management and VT with no
improvement over a 2-year period. Her complaints were consis-
tent with perceptual evaluation. She had a dramatic voice break
at G#4-A4 (415-440 Hz) (primo passaggio region), with the
onset of severe diplophonia.

Dynamic assessment of voice and videostroboscopy demon-
strated intermittent aperiodicity within the primo passaggio,
consistent with subjective diplophonia heard within the voice.
The laryngologist (A.R.) was suspicious of either a type III sul-
cus or subtle SLN paresis. Laryngeal electromyography (EMG)
was obtained and found to be normal. Videostroboscopy exam-
ination also showed intermittent incomplete glottic closure in

the midmembranous portion. Amplitude, mucosa wave, and
amplitude symmetry were judged to be within normal limits.

She was treated with proton pump inhibitor and traditional
VT (VT without NMES). The patient reported slight improve-
ment (less breathy voice quality) after nine sessions of tradi-
tional VT, but her voice still showed significant breaks in the
passaggio region, diplophonia, and breathy upper range.
Repeat videostroboscopy showed no significant changes.

The decision was made to proceed to the operating room for a
microdirect laryngoscopy for further diagnostic evaluation and
potential treatment. No sulcus or significant scarring was iden-
tified. Injection laryngoplasty with Cymetra (allergen) (Life-
Cell Corp., Branchburg, NJ) was performed. The patient felt
some improvement, but it was short-lived. Another trial injec-
tion laryngoplasty was performed several months later with
Radiesse Voice Gel (Merz Aesthetics, Franksville, WI). Again,
there was some modest improvement, which waned with time
and the diplophonia worsened. After this medical procedure,
the patient was treated with traditional VT. Some improvements
were observed, but there was still a break in her passaggio area.
At this point, we discussed several options, including thyro-
plasty or a trial of NMES. The later was finally performed.

Case report 2

A 63-year-old amateur soprano presented with dysphonia after
10 months of thyroid surgery for multinodular goiter. She
complained of decreased vocal range and increased vocal
fatigue. Perceptually, she had breathy dysphonia with severely
restricted pitch range and low-speaking pitch.

Dynamic voice evaluation and videostroboscopy demon-
strated severely decreased longitudinal tension bilaterally
with glissando task. Abduction and adduction of the vocal folds
appeared normal, but the patient still had incomplete closure in
the midmembranous portion of the glottis. Amplitude, mucosal
wave, vibratory behavior, and periodicity were all judged to be
within normal limits. A diagnosis of bilateral superior laryngeal
paralysis (or severe paresis) was made. VT was recommended.

The patient reported some improvement in her speaking
voice after five sessions of traditional VT but no significant
improvement in vocal range. Voice quality continued to be
breathy. Videostroboscopy showed some improvement in glot-
tic closure but no significant improvement in longitudinal ten-
sion. The patient’s clinical improvement plateaued.

.
FIGURE 1. Electrodes placement during NMES of the cricothyroid muscle and SLN.
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TABLE 1.

Results From the Acoustic Analysis Before and After
NMES Therapy for Case 1

Acoustic
Parameter Before Treatment After Treatment
SFF (Hz) 208 222
SFF range (Hz) 25.6 ST (73-320) 22.4 ST (103-375)
SPI 10.19 4.87
NHR 0.11 0.12
Jitter (%) 0.67 0.5
Shimmer (%) 2.24 3.57
vAmM (%) 18.32 11.32
VFO (%) 1.06 1.15
vAm at G4 (%) 23.88 8.98
vFO at G4 (%) 3.64 0.64
Cepstral 50 49
peak (dB)
SPR (dB) 20.7 20.2
Glissando 31.3 ST (167-1020) 35.6 ST (161-1260)
range (Hz)

Abbreviation: ST, semitone.

Ten months after thyroid surgery, the patient still had no
improvement in vocal range. NMES of the cricothyroid muscle
was added to her therapy. After only four sessions, the patient
demonstrated significant improvement. A total of eight sessions

were provided.

Informed consent

Because the present work is a retrospective study, no informed
consent was obtained from participants, and no approval by an
institutional committee for human subject’s research was
needed.

NMES and VT

NMES using a VitalStim unit (VitalStim, St. Paul, MN) delivers
a current between two electrodes through the tissue underneath.
The current is delivered in a biphasic pulse in one direction, fol-
lowed by a brief pause, and then a return in the opposite direc-
tion (over the span of 700 microseconds). The VitalStim unit
has a preset frequency of 80 Hz.

In our two patients, surface electrodes were placed in two
different places: (1) first, in a horizontal configuration along
the cricothyroid space and then (2) in a vertical configuration
along the posterior part of the thyroid notch (Figure 1). The
amplitude or intensity of stimulation was adjusted based on
the patient’s sensations. At low intensity, the patient feels
some tingling and vibration. Intensity is increased until a grab-
bing or squeezing sensation is felt. The intensity was main-
tained at this level and then the voice training was initiated.
The higher the amplitude, the deeper the current penetration.
The intensity of stimulation was also increased as treatment
progressed in subsequent sessions. We used a maximum of 13
and 12 mV for the first case and second case, respectively.
The maximum that VitalStim allowed is 25 mV.

The voice exercises using during NMES consisted of a
sequence of eight different musical phonatory tasks:
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FIGURE 2. Spectrogram during glissando task showing the voice break before treatment (top) and after treatment (bottom) without voice break.
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FIGURE 3. Spectrogram during sustained vowel /a/ at G#4 (415 Hz) before voice treatment showing consecutive voice breaks (top) and after

treatment (bottom) without voice breaks.

1) Production of sustained different pitches with “hee”
starting two tones before the problem region and moving
up and down by semitones. Voiceless consonant /h/ was
used throughout the exercises to avoid hard glottal attack.
Patients also squeezed a ball during exercises to divert
tension.

Production of intervals of minor seconds (half a tone)
with “hee” starting two tones before the problem and
moving up and down by semitones. Breath support and
voice placement were required during exercising.
Production of intervals of major seconds (one tone) with
“hee” starting two tones before the problem and moving
up and down by semitones.

Production of intervals of thirds and fifths with “hee”
starting two tones before the problem and moving up
and down by semitones.

Production of tasks 1-4 using the sequence “mieaou”
instead of “hee,” that is, phonation with sustained
pitches, intervals of minor seconds, major seconds, thirds,
and fifths were used during the production of “mieaou.”
Ascending glissando from the lowest to the highest po-
tential frequency and then a descending glissando from
the highest to the lowest possible pitch.

Production of staccato (/hee/) with intervals of thirds,
from comfortable pitch to the highest potential
frequency.

Singing “Happy Birthday” from the tonality C major to
the highest tonality that the patient was able to produce
well.

2)

3)

4)

5)

6)

7

8)

9) Singing any song or aria known by the patient.

The upper pitch limit of all these phonatory tasks was the
pitch where the patients were able to do it in tune and without
excessive muscle tension. Phonatory tasks were performed with
a comfortable loudness level. Vocal exercises plus NMES were
performed for 45 minutes, so participants were able to perform
each phonatory exercise several times during the treatment ses-
sion. Patients were allowed to breathe freely and drink water
whenever they needed. After each session, laryngeal and neck
massage were performed. Patients were also asked to practice
the same sequence at home twice a day. They were instructed
to use a keyboard or a recording with the same frequencies
(tones) that were used in every session of VT.

Acoustic analysis
To assess the changes after NMES with VitalStim, acou-
stic analysis was carried out. A Kay Computerized Speech
Laboratory (CSL) and Multidimensional Voice Profile software
(KayPENTAX, Lincoln Park, NJ) were used. Voice sam-
ples pre- and posttreatment were measured at a constant
microphone-to mouth distance of 10 cm. using a condenser
microphone (AKG-Perception-120; AKG Acoustics, Vienna,
Austria) connected to the DAT recorder (Marantz PMD 671;
Marantz, Mahwah, NJ) in IAC sound suite. Samples were re-
corded digitally at a sampling rate of 44.1 kHz with 16 bits/
sample quantization.

During recording, the patients were asked to produce a sus-
tained vowel/a/, an ascending glissando, to read the rainbow
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FIGURE 4. Histogram of amplitude before voice treatment (top) showing an important variability and histogram after treatment (bottom) showing

a decrease in the amplitude variability.

passage and to sing the song Happy Birthday. An area of at least
3 seconds was selected from the middle part of the speaking
vowel /a/ samples to perform the multidimensional analysis
of voice. Analyzed parameters included soft phonation index
(SPI), noise-to-harmonic ratio (NHR), jitter, shimmer, peak-
to-peak amplitude variation (vAm), and fundamental frequency
variation (VFO0). For our first patient, vAm and vF0 were also as-
sessed during a sustained vowel at G#4-A4 (415-440 Hz).
Cepstrum analysis was also performed in the sustained vowel
/al. Because cepstrum peak is a short-term measurement and
it is obtained in a specific point of the voice waveform, six
different points in middle section of the vowel /a/ waveform
were taken and averaged for every sample pre- and posttherapy.
The first 60 seconds of the rainbow passage were analyzed with
pitch contour protocol to obtain the mean and the range of
speaking fundamental frequency (SFF). No vocal fry segments
were included in SFF measurements. The song Happy Birthday
was analyzed with long-term average spectrum (LTAS). The
singing power ratio measurement (the difference of energy be-
tween the highest peak around 0-2 kHz and the highest peak
around 2-4 kHz) 3 was assessed. The rationale to include the
mentioned diverse acoustic measures is that to analyze all
possible voice features, it is necessary to take into account
short- and long-term variation of fundamental frequency (Fy)
and amplitude, glottal noise, spectra tilt, running speech, and
singing.

Glissando task was analyzed with the pitch contour protocol
of CSL. Narrow band spectrogram (1024 points, Hanning win-
dow and no pre-emphasis) was also used during glissando and

sustained vowel /a/ at G#4 (415 Hz) to observe voice breaks in
our first patient.

RESULTS

Case 1

Table 1 summarizes the results from acoustic analysis before
and after 17 sessions with NMES. The patient showed a signif-
icant improvement in her upper voice range quality and strength
of her singing voice. Diplophonia disappeared completely as
well as the breathiness in the upper range. Voice break in the
passaggio region was eliminated during glissando task
(Figure 2). Elimination of vocal breaks (voice instability) dur-
ing sustained vowel at G4 (primo passaggio) is shown in
Figure 3. An important decrease in the variability of F(, and
amplitude within the passaggio after NMES was also observed
through histograms (Figures 4 and 5) and through contours of
Fy and amplitude (Figure 6). Videostroboscopy procedure
showed a more periodic vocal fold vibration compared with
initial assessment.

Case 2

Results from the acoustic analysis before and after eight ses-
sions with NMES are summarized in Table 2. A significant
improvement was demonstrated in her upper voice range and
strength of her singing voice. Perceptually, the patient’s voice
was judged as more resonant in the entire range. An increase
in the mean and range of the SFF can also be observed. Further-
more, a decreased perturbation and glottal noise parameters
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FIGURE 5. Histogram of F,, before voice treatment (top) showing an important variability and histogram after treatment (bottom) showing a

decrease in the VFO.

was demonstrated after treatment. Glissando task also revealed
an improvement for clarity. Through singing power ratio (SPR)
in the LTAS analysis, a less steep spectral slope was observed
(Figure 7). In addition, a stronger cepstral peak was obtained af-
ter treatment (Figure 8). Videostroboscopy examination re-
vealed a complete glottal closure after treatment.

DISCUSSION

The results of the present case study have revealed several
changes in voice production and voice quality parameters after
VT including NMES and physiological vocal exercises. In the
first patient, the major change was obtained within the primo
passaggio region, whereas in the second patient, an improve-
ment in voice quality and vocal range were the most important
findings.

Case 1

Our first patient was a challenging case. First, she was vocally
treated for 2 years without any improvement before initiate
NMES. Second, although the voice difficulties suggested a
SLN injury, the EMG did not demonstrate it. The decision to
treat her using NMES was based on the fact that despite tradi-
tional VT and laryngeal injection produced an improvement in
the voice quality, the voice remained with a severe voice break
and diplophonia within the primo passaggio at G#4-A4 (415-
440 Hz), which was affecting significantly her job as a music
teacher and personal life. It is important to highlight that the
voice exercises used simultaneously to NMES aimed to physi-
ologically improve vocal function by stretching and contacting

the vocal folds musculature through ascending and descending
musical intervals and glissandos. Moreover, forward voice
placement was attempted by using anterior vowels during vo-
calizations. The forward placement probably helped to reach
an adequate glottal configuration toward a more resonant voice
quality. A physiological VT approach was used because the pur-
poses of the VT were not only to eliminate the passaggio prob-
Iem but also to balance the three subsystems involved in voice
production.

Both vAm and vFO clearly decreased after NMES in
the passaggio region (Table 1 and Figure 6). These acoustic
parameters are related to the phonatory stability during a
sustained vowel production. According to the manufacturer
(KayPENTAX), vAm and vFO indexes reflect a short- and
long-term variation of amplitude and F), respectively. More-
over, both histograms of Fj, and amplitude (Figures 4 and 5)
demonstrated an increment in the stability of the phonatory sys-
tem at G4 (392 Hz) after VT. These acoustic findings are
concordant to the videolaryngoscopy observations. Initial vid-
eostroboscopy showed bilateral irregular periodicity in the
passaggio region, which remained even after trial injection lar-
yngoplasties. After VT with NMES, the periodicity improved
significantly. Regarding vocal fold periodicity, Ptok and
Starck”’ in a study with patients diagnosed with unilateral vocal
fold paralysis compared the outcome of traditional voice exer-
cise treatment with electrical stimulation—supported voice exer-
cise. The author reported that in the group with NMES,
irregularity decreased significantly more than the traditional
VT group.
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FIGURE 6. Pitch and amplitude contours at G#4 (415 Hz, primo passaggio) before voice treatment (top) showing an important instability and
contours after treatment (bottom) showing a decrease in the pitch and amplitude instability.

In addition, the patient referred during the initial assessment
that her upper voice range was somewhat breathy. Despite NHR
remained without change between pre- and post-NMES, the
voice quality demonstrated an important perceptual improve-
ment. On the other hand, in the pretreatment evaluation, glis-
sando task revealed a range from 167 to 1020 Hz (36
semitones), which is practically the same as the posttreatment

TABLE 2.
Results From the Acoustic Analysis Before and After
NMES Therapy for Case 2

Acoustic
Parameter Before Treatment After Treatment
SFF (Hz) 127 163
SFF range (Hz) 13.78 ST (88-195) 22.4 ST (103-375)
SPI 20.11 9.46
NHR 0.16 0.11
Jitter (%) 0.66 0.42
Shimmer (%) 6.52 2.32
vAm (%) 14.15 8.7
VvFO (%) 2.57 1.09
Cepstral 21 62
peak (dB)
SPR (dB) 30.2 17.8
Glissando 10.5 ST (108-198) 21.6 ST (120-419)
range (Hz)

Abbreviation: ST, semitone.

assessment, 161-1260 Hz (39 semitones). Possibly, this param-
eter did not show an important change after NMES because it
was always within normal range for a soprano vocal classifica-
tion. Furthermore, according to the initial voice assessment, the
patient’s speaking voice was not adversely affected by her un-
derlying pathology. There were no major changes in perturba-
tion measurements, NHR, cepstral, and LTAS measurements
when comparing pre- and post-NMES treatment samples.

Case 2

Contrary to our first case, the decision to use NMES in this pa-
tient was done a few sessions after initiation of traditional VT.
This case was a 63-year-old amateur soprano and clerical

Amplitude (dB)

-50

0 5000

Frequency (Hz)
FIGURE 7. LTAS analysis during singing voice before voice treat-
ment (thin line) showing a steeper spectral slope compared with the
spectrum after treatment (thick line).



Marco Guzman, et al

NEMS and superior laryngeal nerve weakness

223

[c] cepsTRUM = oy =
)
|
[
H ""‘\V ”wh' I ‘;-‘jl",‘.
R A AN ’ g TWTN TSVl 1 Y "
H M v \ " 7 AN ( ¥ N :
H Ikywq W VYW V
| \J N
I
1o |
- T
e(msee)
3T N R O TR | T R T T R N T N N T 0
T
B iz (Bark: 01411 msec d8: 2701 55 01000 msec se: 89863 msec ds: 83363 msec
[c] cepsTRUM =
|
|
‘\
I [l
M I A
i i N Y it
H TAATAVYS i iy
5 T T R T T [ IR T S N N O 1 O O S N N W T
o — — — 7
B Hz (Bark): 83762 msec dB: 300 sai 01000 msec se: 90000 msec ds: 8.9000 maec

FIGURE 8. Cepstral peak obtained during sustained vowel at SFF before voice treatment (top) and after treatment (bottom). The increased cepstral

peak after NMES indicates a more stable voice quality, more harmonic energy, and more periodic signal.

worker who suffered both speaking and singing voice problems
after thyroid surgery. Symptoms appeared to be a consequence
of SLN injury (diagnosis was made by a fellowship-
trained laryngologist). Perceptually, she had breathy dys-
phonia with severely restricted pitch range. Similar to the
patient in case 1, the same physiological vocal exercises were
used to strengthen the vocal folds musculature. Ascending-
descending glissandos and musical intervals aimed to recover
vocal fold elongation. The purpose of forward sounds used in
the exercise sequence was to promote a proper vocal fold
adduction. The patient was asked to produce resonant voice
quality (with face tissue vibration without vocal effort) during
exercises to help the reduction of the glottal chink and hence
to reduce breathiness.

After eight sessions of VT with NMES, the patient reported
some improvement in her speaking voice, and perceptually,
her voice quality was less breathy. This observation is concor-
dant with the acoustic analysis outcomes. A relevant change
was found in both LTAS and cepstrum analysis. The increased
cepstral peak after NMES indicates a more stable voice quality,
more harmonic energy, and more periodic signal. Cepstrum is
defined as a Fourier transformation of a spectrum.’™*> A
strong cepstral peak (high value) is obtained from a voice
characterized by a well-defined harmonic structure (normal
voice). On the other hand, a breathy and hoarse voice has a
poorly defined harmonic structure; hence, the cepstral peak is
weak (low value). Previous studies have reported that cepstral
peak value is the best predictors of overall dysphonia in compar-
ison with perturbation and noise measures.’® "’ Additionally,

cepstrum-related measures have shown strong correlations to
dysphonia severity in different voice disorders.*’**

A recent study aimed to measure cepstral peak in individuals
with unilateral vocal fold paralysis (UVFP), revealed an
abnormal reduction of the cepstral peak value in speakers
with UVFP relative to the normal controls, as they are charac-
terized by a breathy voice because of inadequate closure of
vocal folds.*” In our patient, the cepstral peak change between
pre- and posttreatment showed the most dominant objective
acoustic improvement after NMES; thus, it is concordant to pre-
vious reports.

The SPR revealed an important decrease after NMES. This
parameter has been widely studied in professional singers as
an acoustic marker of good voice quality (more resonant voice).
This change (decrease of SPR value) suggests a change in the
spectral slope declination (ie, less steep slope). The lower value
of SPR after treatment represents an increased energy in the
higher harmonics of the spectral slope. In other words, there
is less difference between the energy of the lower harmonics
and energy of the higher harmonics after NMES. Related to
this change, it is interesting to observe that the soft phonation
index (SPI) shows an important decrease after therapy in this
study as well. Despite of SPI being classified as a noise mea-
surement by the manufacturer (KayPENTAX), this parameter
could also be considered indirectly as a spectral slope declina-
tion feature. This assumption is based on the fact that SPI value
is obtained from the ratio between spectral harmonic energy of
low frequencies (70-1600 Hz) and spectral harmonic energy of
high frequencies (1600—4500 Hz). Therefore, a decreased SPI
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value means that the energy of high harmonics is increased. In
this case report, there is an interesting direct relation between
these two measurements, SPR and SPI, both demonstrated a
decrease after VT.

In this patient, NMES also seemed to improve glottal closure.
This was demonstrated by acoustical analysis as well as video-
stroboscopy. Concordantly with our findings, LaGorio et al*®
demonstrated that a standardized VT protocol (based on exer-
cise principles and using adjunctive NMES) increased
maximum phonation time and glottal closure in patients with
dysphonia secondary to vocal fold bowing. Likewise, Ptok
et al’’ reported an increase in maximum phonation time after
a 3-month therapy with NMES in a group of patient diagnosed
with UVFP.

During initial voice evaluation, this patient demonstrated not
only a perceptually breathy dysphonia but also a severely
restricted pitch range and limited SFF range. Objective analysis
during reading tasks revealed a significant increase in SFF
range. Because SFF range increased three times after therapy,
this is considered a major change, probably due to NMES
plus the ascending musical intervals and glissando task used
in this patient. In addition, the improvement of glissando task
could also be considered as an important change, but it is still
reduced comparing with normal range. Eight sessions with
NMES were provided to this patient. It is possibly that addi-
tional treatment might help more.

There are some limitations to this report. In the first case,
laryngeal EMG was normal. Therefore, there was no objective
evidence of SLN injury. However, her clinical presentation and
lack of other structural pathology makes us highly suspicious
that her problem was related to the SLN. Her improvement
with stimulation of the cricothyroid muscle after several years
of no improvement with traditional VT with reputable therapists
also supports this notion.

In case #2, we did not obtain laryngeal EMG because the
endoscopic evaluation was so clearly supportive of the diagnosis.
There was essentially no significant glissando capability.
Furthermore, one could argue that her improvement may have
been due to the natural history of nerve recovery after a nontran-
section injury as it improved within a year time. However, the
patient had no improvement 10 months after the injury and
improved only after eight sessions of therapy with NMES.
This has at least suggested the NMES helped. Furthermore, the
patient’s voice has not recovered to preinjury quality. If this
was just a traction injury, one would expect it likely would have.

CONCLUSION

Neuromuscular laryngeal electrical stimulation in combination
with traditional vocal exercises may be useful to improve both
speaking and singing voice quality in patients with SLN weak-
ness. Further prospective case-controlled studies may be useful
to conclusively prove its effectiveness.
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