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Flaccid larjTigeal nerve paralysis may be treated by vocal fold augmentation with Teflon injection, which is successful to various
degrees depending on the subjective interpretation of the patient or cHnician. A new material, Phonogel, consisting of cross-linked bovine
collagen, is available but not approved for human use in this area. Ten dogs were submitted to videostroboscopy, photoglottography, elec
troglottography, and acoustic analysis in the normal state, with simulated recurrent laryngeal nerve paralysis, and with injection of either
Teflon or Phonogel. A statistical comparison and the advantages and disadvantages of each material are discussed in relation to this study
and its clinical use.
KEY W O R D S — flaccid laryngeal nerve paralysis, Phonogel, recurrent laryngeal nerve. Teflon, vocal fold injection.

INTRODUCTION

the most easily used and produces the most predict
able results. Recently, several investigators have
reported preliminary results in treating vocal fold
paralysis with bovine cross-linked collagen (Phono
gel, Collagen Corp, Palo Alto, Calif).'»•"

Paralysis of the human vocal folds is a problem
frequently encountered by otolaryngologists. Usual
ly a unilateral paralysis is encountered and the ma
jority of these are caused by injury to the vagus or
recurrent laryngeal nerve by surgery or an adjacent
tumor.'

Regardless of which form of surgical treatment is
used, results vary according to subjective evaluation
of phonation and glottic competency. In fact,
among physicians trained in laryngology it is not
uncommon to have differing opinions regarding the
outcome of these treatments in individual patients.
In addition, a single otolaryngologist may have dif
ficulties in assessing the results of vocal fold aug
mentation over time.

For most patients with unilateral vocal fold pa
ralysis, compensation takes place over a period of
several months, allowing resumption of acceptable
communication, absence of aspiration, and an ef
fective cough. For those patients whose laryngeal
dysfunction does not improve, a variety of methods
have been developed to treat unilateral vocal fold
paralysis. Reinnervation techniques focus on pro
viding a neural or neuromuscular transplant to the
affected lateral cricoarytenoid muscle—the pri
mary adductor of the vocal fold.^^ Although these
techniques have potential for reinnervating the
larynx, they have not had widespread acceptance.
In contrast, most currently used methods rely on
passive techniques to medialize the paralyzed vocal
fold. Methods of passive medialization rely on an
intact separate innervation to the contralateral
vocal fold that when tensed can abut the ipsilateral
paralyzed, but now medialized, vocal fold. One
method, thyroplasty type I, uses thyroid cartilage as
an autograft placed in a pocket developed between
the thyroid ala of the affected fold and the fold
itself." Other methods of medialization by augmen
tation rely on the use of inert substances such as Gel
foam,' glycerin,' and T e f l o n . ' ' The last substance
has been the mainstay of treatment, as it seems to be

Several investigators have used various objective
measures in human subjects to evaluate the effect of
Teflon augmentation on vocal fold paralysis. Rontal et al'^ used voice spectrography to monitor the
performance of vocal fold Teflon injection proce
dures. Cormier et al'" measured forced inspiratory
and expiratory airflows in patients before and after
Teflon injection. R u b i n " demonstrated the vibra
tory characteristics of the vocal folds by high-speed
photography both preinjection and postinjection.
Von Leden et a l " used several objective measures of
laryngeal function in addition to acoustic analysis
of the paralyzed and Teflon-injected states.
Currently, a number of objective tests may be
used as aids in diagnosis and therapy of dysphonias.
Photoglottography (PGG) is a method that mea
sures the amount of light transmitted through the
vocal folds during phonation. Typically, a light
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copy to detail the unique characteristics of normal
vocal fold vibration in addition to the vibratory
characteristics of recurrent laryngeal, superior la
ryngeal, and vagal nerve paralyses.

EGG

Fig I . Calculation of shift quotient in dog with phonation
produced in normal state. PGG — photoglottographic
waveform, E G G — electroglottographic waveform.

source is placed in the mouth or pharynx while a
photosensor is placed on the neck below the folds.
As the vocal folds vibrate, changes in the glottal
area produce proportional changes in the intensity
of light transmitted. It has been shown by compari
son with high-speed photography that the intensity
of the transmitted light during PGG is a good ap
proximation of cross-sectional area of the glottic
aperture during p h o n a t i o n . " "
Another technique, electroglottography ( E G G ) ,
measures change in electric impedance across the
larynx as the vocal folds vibrate. Comparison be
tween E G G and stroboscopic investigation of the vi
brating vocal folds substantiates the view that the
E G G signal reflects variations of lateral vocal fold
contact a r e a . " Baer et a l " stated that E G G and
PGG are complementary measures, in that the
former provides information about glottic closure,
while the latter helps describe glottic opening.
Two measures of the glottic cycle with potential
clinical application that can be calculated by use of
PGG and E G G waveforms are the open quotient
(OQ) and the speed quotient (SQ). Open quotient is
defined as the fraction of time the folds are open
during the glottic cycle. Speed quotient is the dura
tion of time the folds are opening divided by the
duration of time the folds are closing. Trapp and
Berke" recently presented a new measure, the shift
quotient (ShQ), that may be valuable in identifying
flaccid laryngeal paralysis (Fig 1). Each of these
measures, OQ, SQ, and ShQ, holds potential as an
objective measure for judging the outcome of
various treatments for vocal fold paralysis.
Another objective though less quantifiable
measure of vocal fold vibration is videostroboscopic
laryngoscopy. Recent miniaturization of videocameras combined with available fiberoptic systems
has created a tremendous clinical interest in this
form of documentation. Moore et a l " recently
studied videolaryngoscopy in an in vivo canine
model of phonation with the addition of strobos

Although laryngologists have been using Teflon
to augment vocal folds for the past 20 years, the op
timal amount of Teflon to inject into the vocal fold
has not been determined by any objective measure
ment. Most experienced laryngologists have esti
mated a quantity in the range of 0.2 to 0.5 mL. It
became apparent to us that photoelectric tech
niques and videostroboscopy might be useful in de
termining the amount of synthetic material needed
for return to optimal pre-paralysis vocal function.
Ten adult male mongrel dogs were studied by
E G G and PGG to compare the effects of Phonogel
and Teflon augmentation on simulated unilateral
recurrent laryngeal nerve paralysis. This was per
formed according to a previously reported in vivo
canine model of phonation." Photoelectric data
and videostroboscopic images of laryngeal vibration
were obtained for normal phonation, simulated re
current nerve paralysis phonation, and postinjected
states—both Teflon and Phonogel. This study
reports the results obtained.
MATERIALS AND METHODS
Operative I Photoelectric.
Ten adult male mongrel
dogs were premedicated with Innovar intramus
cularly. Intravenous pentothal was administered to
a level of corneal anesthesia and additional pento
thal was used to maintain this level of anesthesia
throughout the experiment.
The animals were placed supine on the operating
table, the neck was shaved, and a midline incision
was made to expose the trachea from the hyoid to
the sternal notch. Both recurrent laryngeal nerves
were identified and preserved. Both superior laryn
geal nerves were identified just lateral to their en
trance into the cricothyroid muscles. Figure 2 is a
schematic representation of the experimental setup.
A low tracheotomy was performed at the level of
the suprasternal notch, through which an endotra
cheal tube was passed to allow spontaneous respira
tions. A second tracheotomy was performed in a
more superior location, through which a cuffed en
dotracheal tube was passed in a rostral direction for
several centimeters and positioned 10 cm below the
vocal folds. The cuff was inflated to just seal the
trachea. Humidified heated air was passed subglot
tically through this second endotracheal tube from
a compressed air canister, and flow was controlled
with a valve and flowmeter. The warmth and hu
midification of the air were provided by bubbling
the air through 5 cm of heated water to provide a
constant temperature of 37°C as measured at the
laryngeal lumen. A 1-cm button was used to sus
pend the epiglottis from a fixed point to provide
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Fig 2. Schematic representation of experimental set
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direct visualization of the larynx through the oral
cavity.
A 1-cm segment of the recurrent and superior la
ryngeal nerves was isolated and Harvard silver elec
trodes were applied around the nerve. The elec
trodes then were insulated from the surrounding
tissue. Two nerve stimulators (Grass Instruments)
with direct current isolation units were used to
stimulate the recurrent and superior laryngeal
nerves. These nerves were stimulated at 70 to 90 Hz
stimulus frequency, with 2 to 7 mA intensity for 1.5
ms pulse duration. Phonation was produced with
airflow of 375 mL/s supplied through the laryngeal
aperture by the rostrally placed endotracheal tube
while the laryngeal nerves were being stimulated.
Changes in glottic area were monitored by P G G .
The larynx was illuminated from above with a
fiberoptic xenon light source secured in the oral
cavity and directed toward the glottis. Light trans
mission through the vocal folds was transduced
with a photosensor (Centronics OSD 502) placed on
the trachea just below the cricoid cartilage. Electroglottographic signals were obtained with a laryngograph (Synchrovoice) with the two recording elec
trodes placed in pockets just above the cricothyroid
muscles adjacent to the thyroid cartilage. The
ground electrode was secured to adjacent strap
muscles. Photoglottographic and E G G tracings
were observed on a storage oscilloscope (Tektronix
5116) and directly digitized and stored onto the
hard disk of a personal computer (80286 micro
processor) .

Acoustic data were acquired with a highly sensi
tive Bruel & Kjaer condenser microphone placed at
a constant distance (30 cm) from the glottis and
were stored on the hard disk of a personal compu
ter.
Computerized
Data Digitization,
Storage, and
Analysis. Analog data from E G G , P G G , and acous
tic signals were low-pass filtered at 3,000 Hz and
digitized real-time at 20,000 Hz by use of the per
sonal computer equipped with a math coprocessor
(80287) and a commercial software program
(C-Speech, Paul Milenkovic, PhD, University of
Wisconsin). T h e E G G and P G G waveforms ob
tained were examined briefly after each trial of
phonation to evaluate the adequacy of the wave
forms. Three seconds of waveform data was stored
on the computer's hard disk and later recovered for
analysis and calculation of the OQ and SQ. In ad
dition, the ShQ was derived from the E G G and
PGG waveforms (Fig 1). This was done by calculat
ing the distance from the beginning o f the plateau
phase of the E G G to the apex of the PGG as it was
superimposed directly on the E G G and dividing this
by the duration of the plateau phase of the E G G
(Fig 1). Points of glottic opening and closing were
determined in the manner previously described by
Childers et a l . " Vocal fold opening was marked at
the peak of the differentiated E G G waveform, and
closing at the nadir of the differentiated E G G
waveform.
Data were analyzed in the following format.
Within each trial of simulated phonation a stable

Trapp etal, Vocal Fold Augmentation

223

Fig 3. Phonogel injector apparatus with 26gauge needle and single-use syringe of Phonogel
in position.

0.25-second portion was chosen in four equally
separated parts of the 3-second recording. Within
these 0.25-second segments, five consecutive wave
forms were analyzed interactively and averaged to
calculate a single value for OQ, SQ, and ShQ. The
values then were compared with those obtained in
the three other 0.25-second segments and a mean
value was calculated and recorded as the OQ, SQ,
and ShQ for each simulated phonation. The values
of each of three trials were compared and averaged
so that each dog had one value for OQ, SQ, and
ShQ.
Signals also were examined qualitatively to deter
mine how their overall shape related to the vibra
tory patterns seen on videostroboscopy.
Available software was used to obtain the fast
Fourier transformation from the acoustic signals
(C-Speech).
Video Imaging. A Storz laryngostrobe unit (mod
el 8000) was used for stroboscopic video imaging
that was performed with each trial of phonation af
ter the photoelectric data had been recorded. The
stroboscope was connected to a Storz 0° telescope
via a fluid-filled light cable. The image from the 0°
scope was recorded on a Storz C C D (charge-cou
pled device) video camera (model 9000) and a Sony
U-matic videocassette recorder (VO-5800). The vid
eo images subsequently were analyzed frame-byframe by use of the same videorecording unit.
Injection of Teflon/Phonogel.
Injections were
carried out by use of fiberoptic laryngoscopy. Five
dogs each were injected with Teflon and Phonogel,
respectively. Teflon was injected in the standard
method as reported by Arnold' with a Breuning's
syringe. This injection was placed so that the Teflon
was lateral to the vocalis muscle. Phonogel was in
jected with a specially designed injector (Collagen
Corp, Palo Alto, Calif) (Fig 3 ) . This injection was
performed within the submucosa just deep to the
mucosal plane as described by Ford et al.'°
Increments of 0.1 mL of Teflon or Phonogel in
jection were analyzed stroboscopically and by pho

toelectric waveform analysis during each experi
ment. The end point of Teflon or Phonogel augmen
tation was considered to have been reached when
vocal fold vibration most closely appeared as a trav
elling mucosal wave. Several animals then under
went overinjection of Teflon or Phonogel and strob
oscopic images and photoelectric signals were ob
tained.
Experimental
Design. Recordings were taken for
a minimum of three trials of each state: normal
(simultaneous bilateral recurrent and superior
laryngeal nerve stimulation), unilateral recurrent
laryngeal nerve paralysis, and postinjection/
augmentation (Phonogel or Teflon).
A constant low level of bilateral cricothyroid ten
sion (0.2 mA stimulation) was maintained in all ten
dogs. The recurrent laryngeal nerves then were
stimulated bilaterally until phonation ensued to
provide data for normal phonation. These ten dogs
T A B L E 1. Q U O T I E N T VALUES F O R T E F L O N GROUP
Normal

Paralysis

Teflon
Injection

Open quotient
1
2
3
4
5
Mean

0.22
0.30
0.23
0.30
0.25
0.26

0.30
0.52
0.42
0.39
0.31
0.39

0.31
0.42
0.28
0.30
0.31
0.32

Speed quotient
1
2
3
4
5
Mean

1.14
0.92
1.02
1.13
1.19
1,08

1.01
0.92
1,03
1.19
0.60
0.95

1.15
0.96
0.86
1.06
1.02
1.01

Shift quotient
1
2
3
4
5
Mean

0.76
0.51
0.68
0.62
0.65
0.64

0.38
0.29
0.38
0.47
0.51
0.41

0.57
0.60
0.73
0.55
0.79
0.65

Dog

224

Trappetal,

Vocal Fold Augmentation

TABLE 2. QUOTIENT VALUES F O R P H O N O G E L GROUP
Normal

Paralysis

Phonogel
Injection

Open quotient
6
7
8
9
10
Mean

0.19
0.22
0.36
0.27
0.13
0.23

0.48
0,42
0.65
0.29
0.51
0.47

0.31
0.40
0.53
0.17
0.34
0.35

Speed quotient
6
7
8
9
10
Mean

1.07
1.10
1.00
0.69
1.74
1.12

0.63
1.21
1.32
1.03
1.09
1.06

0.61
0.95
1.50
1.16
1.08
1.06

Shift quotient
6
7
8
9
10
Mean

0.47
0.56
0.53
0.56
0.73
0.57

0.36
0.33
0.29
0.31
0.33
0.32

0.45
0.49
0.31
0.63
0.67
0.51

Dog

then each underwent trials of phonation with one
recurrent laryngeal nerve transected and stimula
tion to both superior laryngeal nerves and the re
maining recurrent laryngeal nerve. The dogs then
were divided into two groups. The first group of
five dogs was treated with Teflon augmentation of
the vocal fold on the side of the transected recurrent
laryngeal nerve. The second group of five dogs had
the paralyzed fold augmented with Phonogel.
Statistical Analysis. Data for each quotient group
were subjected to a 2 χ 3 mixed-factor analysis of
variance (ANOVA), substance by phonation, re
spectively. In addition, post hoc Newman-Keuls
testing was used to compare states of phonation for
the OQ and ShQ values.
RESULTS

Photoelectric
Data. A mean value for OQ, SQ,
and ShQ was calculated for each of the ten dogs in
each experimental cell—normal phonation, phona
tion with unilateral recurrent laryngeal nerve
paralysis, and phonation after augmentation with
Teflon or Phonogel. Tables 1 and 2 depict the mean
quotient values for each treatment cell.
Figure 4A compares the mean values for OQ—
Teflon versus Phonogel. As seen from the graph, the
preinjection states were similar, ie, there was no
main effect for treatment group on OQ. Further,
there was no interaction between treatment group
and state of phonation. There was however, a sig
nificant main effect for state of phonation attrib
utable to the paralyzed condition: F(2,16) = 17.75,
p < . 0 0 1 . A post hoc Newman-Keuls test was ap
plied and showed that the paralyzed condition was
significantly different from normal ( p < , 0 5 ) and

t

NORMAL

PARALYSIS

NORMAL

PARALYSIS

INJECTION

ISUECTION

STATE OF PHONATION
• TEFLON (5 DOGS) • COLLAGEN (5 DOGS)

Fig 4. Mean values of A) open quotient, B) speed quotient,
and C) shift quotient.

that paralyzed and injected states were similar. In
addition, normal and injected states were signifi
cantly different ( p < . 0 5 ) . In other words, neither
group of dogs recovered to "normal" values and the
injected dogs were not statistically different from
those in the paralyzed state. In addition, there was
no statistically significant difference in the perfor
mance of Teflon when compared to Phonogel for
changes in OQ.
Figure 4B compares the mean values for SQ. No
statistically significant difference was observed be
tween the Teflon and Phonogel groups, and no dif
ference between the normal, paralyzed, and postinjected states.
Figure 4C compares mean values for ShQ. There
was no main effect for treatment group on ShQ and
there was no interaction between treatment group
and state of phonation. There was a significant
main effect for state of phonation attributable to
the paralyzed condition: F(2,16) = 25.86, p < . 0 0 1 .
Post hoc testing was applied and showed that the
paralyzed condition was significantly different
from normal ( p < .05) but that normal and injected
states were not significantly different from one
another.
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to normal shows a resumption in harmonic ampli
tudes. This also was associated with a perceptual in
crease in the acoustic intensity of phonation.

ACOUSTIC
SIGNAL

With simulated normal phonation a change in
fundamental frequency (Fo) was related to changes
in recurrent laryngeal nerve stimulation. In the
paralyzed state there was no change in Fo associated
with changes in recurrent laryngeal nerve stimula
tion because of loss of subglottic pressure modula
tion. Vocal intensity was not measured in each case,
but perceptual decrease in intensity was noted in
the paralyzed state and was associated with the
decrease in harmonics seen in Fig 5.

FAST
FOURIER
TRANSFORM
IdBl

1
2
KHERTZ

1
2
KHERTZ

I
2
KHERTZ

Fig 5. Sample of acoustic waveforms and fast Fourier
transformation analysis of single dog in normal, recurrent
laryngeal nerve paralysis, and post-Teflon injection states.

Videostroboscopy.
Videotapes of each of the ten
dogs in each of the two preinjected states of phona
tion (normal and recurrent nerve paralysis) were
compared to the vibratory patterns of the postin
jected states (Teflon and Phonogel). As previously
reported by Moore et a l / ^ a symmetric travelling
mucosal wave normally occurs from the lower to
the upper fold margin as the glottic air puff is
released. The characteristic findings with unilateral
recurrent laryngeal nerve paralysis were loss of the
travelling mucosal wave bilaterally as the glottic air
puff was released and a homogeneous lateral excur
sion to the paralyzed vocal fold (one mass). The
nonaffected vocal fold remains tense near the
midline with little excursion.
After minimal augmentation of the paralyzed
fold with Teflon, a return toward the normal twomass (upper and lower margin) model of oscillation
with resumption of the travelling mucosal wave to
the nonparalyzed fold was noted. With further
augmentation this effect was enhanced.
With overinjection it was observed that the para
lyzed flaccid fold became the tensed vocal fold and
that the normal nonparalyzed fold vibrated in a
manner similar to that of the previously paralyzed
fold. The same was true for dogs overinjected with
Phonogel. A videotape summarizing the results was
presented recently.^'
Acoustic Analysis. Of interest was the effect of
laryngeal paralysis and vocal fold augmentation on
the acoustics of phonation. Figure 5 depicts the
acoustic signal and fast Fourier analysis of the
acoustic signal for normal, paralyzed, and Tefloninjected states of phonation. All three phonation
states are characterized by a strong formant visible
at about 800 Hz. The paralyzed state shows a sharp
drop-off in the amplitude of the third and fourth
harmonics due to the breathy phonation. Teflon in
jection to the point at which the ShQ was corrected

DISCUSSION

Open quotient, a relative measure of the time
period the glottis is open as a function of the entire
glottic cycle, has been found to increase with flac
cid laryngeal paralysis of the recurrent nerve type.^'
The clinical correlate is observed when the patient
has a weak and breathy voice. This value would be
expected to decrease toward normal with augmen
tation by either Teflon or Phonogel, as it did,
though not to a degree that was statistically signifi
cant.
Speed quotient was not found to alter signifi
cantly in this study and in similar studies.^'
We have found the ShQ to be a useful measure in
the identification of flaccid laryngeal paralysis. A
shift of the peak of the PGG to the left in relation to
the E G G occurred because the paralyzed flaccid
vocal fold vibrates in a one-mass mode. This implies
no phase lag between the opening of the lower
margin and upper margin excursion. The homoge
neous lateral excursion of the paralyzed fold caused
the vocal fold aperture to be at its maximum (ie,
peak of PGG) when the cord unzips completely in
the horizontal plane (ie, plateau phase of E G G ) . It
is possible to measure this shift in the apex of the
PGG with respect to the beginning of the plateau
phase of the E G G (length A, Fig 1). We quantitate
its relative value by using the duration of the E G G
plateau phase as the denominator (length B , Fig 1).
Figure 6A,B shows the contrast in ShQ typically
seen for dogs with normal phonation and dogs with
unilateral recurrent nerve paralysis, respectively.
Figure 6C shows that with Teflon augmentation,
the peak of the P G G is shifted back into a later por
tion of the E G G plateau phase, as seen in normal
phonation. Figure 6 D depicts similar findings in
another dog when a paralyzed vocal fold was in
jected with Phonogel. This shifting of the P G G peak
relative to the E G G plateau phase has been quanti
fied, and when statistically compared, the normal
and injected states were not found to be statistically
different.
The morphology of the photoelectric waveforms
also changed with augmentation. With recurrent
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Fig 6. Electroglottographic ( E G G ) , photoglottographic
(PGG), and differentiated E G G (DEGG) waveforms dur
ing simulated phonation. A) Dog with simulated normal
phonation — stimulation of both pairs of superior and
recurrent laryngeal nerves. B) Dog with simulated recur
rent laryngeal nerve paralysis. C) Dog with simulated
recurrent laryngeal nerve paralysis and Teflon augmenta
tion. D) Dog with simulated recurrent laryngeal nerve
paralysis and Phonogel augmentation. E ) Dog with simu
lated recurrent laryngeal nerve paralysis and Teflon overinjection.
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nerve paralysis the slope of the opening phase of the
EGG waveform usually failed to demonstrate the
discontinuity that represents the normal transition
from vertical to horizontal fold separation. This loss
of change in E G G slope is due to the simultaneous
opening of the upper and lower vocal fold margins
that results when the two-mass movement is lost
(compare Fig 6A and B ) . After injection of the para
lyzed fold a hint of the two-mass morphology reap
pears, as there is discontinuity in the waveform dur
ing the opening phase of the glottic cycle (see PGG
wave in Fig 6C).
Videostroboscopy confirmed the return to a more
normal two-mass model of vocal fold vibration after
treatment with either Teflon or Phonogel. There
were no obvious performance differences between
the two substances that supported the use of one of
these synthetic agents over the other. We did note
on careful review that a noticeable degree of aug

mentation achieved with Phonogel was lost over a
period of time, sometimes as short as 30 minutes.
This is apparently a function of the high water con
tent of Phonogel in the cross-linked bovine form.
Overinjection was needed in the initial treatment to
attain a degree of vocal fold closure that could be
maintained throughout the experimentation with
Phonogel. This problem potentially seriously limits
the usefulness of Phonogel as a vocal fold augmenta
tion agent.
With overinjection of Teflon into the paralyzed
fold, further shifting of the P G G peak to the right
was observed. Several trials of phonation were re
corded after an adequate amount of augmentation
was exceeded; the ShQ value was not calculable
because the peak of the PGG now was shifted be
yond the plateau phase of the E G G . Figure 6E
depicts the E G G and PGG waveforms from one
trial of Teflon overinjection. It was observed that
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with overinjection of Teflon there was a reversal of
the relationship between the tension in the normal
and that in the paralyzed folds. The overshifting of
the ShQ probably represents the flaccid fold's now
being the least compliant of the two folds.
It is important to note that the two-mass vibra
tion occurred after injection, when the stiffness or
mechanical compliance of the paralyzed fold most
closely approximated the mechanical compliance of
the normal fold. When this occurred the subglottic
air pressure was distributed evenly over the para
lyzed and nonparalyzed vocal folds, and the travel
ling mucosal wave was resumed. It is our conten
tion that the reappearance of the travelling mucosal
wave after augmentation allows the acoustic signal
to improve the amplitude in the third and fourth
harmonics because of the asymmetric nonsinusoidal
nature of the glottic airflow.
Future work should attempt to define a method
for obtaining equivalent mechanical compliance in
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the paralyzed and nonparalyzed vocal folds during
intraoperative Teflon injection.
It should be noted that application of our results
to clinical cases may be limited because laryngeal
tension was controlled by "electric" stimulation of
the laryngeal nerves. However, preliminary experi
ence with a clinical case of laryngeal paralysis
treated by percutaneous injection of Teflon sup
ports our results.
CONCLUSIONS

Photoelectric measures were useful in the evalua
tion and treatment of laryngeal paralyses. Both
Teflon and Phonogel changed vibration of the para
lyzed fold toward a more normal two-mass upper
and lower margin system of vocal fold vibration.
The ShQ, a measure useful in differentiating the
normal versus flaccid paralysis states, returned to
normal values when the mechanical compliance of
the respective vocal folds was approximately equal.

REFERENCES
L Tucker HM. Vocal cord paralysis — 1979: etiology and
management. Laryngoscope 1980;90:585-90.

vation on the intracordal injection of synthetics. Trans Am Acad
Ophthalmol Otolaryngol 1966;70:901-21.

2. Tucker HM. Reinnervation of the unilaterally paralyzed
larynx. Ann Otol Rhinol Laryngol 1977;86:789-94.

16. Von Leden H, Yanagihara N, Werner-Kukuk E . Teflon in
unilateral vocal cord paralysis: preoperative and postoperative
function studies. Arch Otolaryngol 1967;85:666-74.

3. Crumley R L , Izdebski K. Voice quality following laryn
geal reinnervation by ansa hypoglossi transfer. Laryngoscope
1986;96:611-6.
4. Isshiki N, Okamura H, Ishikawa T. Thyroplasty type I
(lateral compression) for dysphonia due to vocal cord paralysis or
atrophy. Acta Otolaryngol (Stockh) 1975;80:465-73.
5. Schramm V L Jr, May M, Lavorato AS. Gelfoam paste in
jection for vocal cord paralysis: temporary rehabilitation of glot
tic incompetence. Laryngoscope 1978;88:1268-73.
6. Lewy RB. Tracheotomy avoidance: glycerine vocal cord
injection. Arch Otolaryngol 1970;91:502-4.
7. Arnold G E . Vocal rehabilitation of paralytic dysphonia
IX. Technique of intracordal injection. Arch Otolaryngol 1962;
76:358-68.
8. Lewy RB. Experience with vocal cord injection. Ann Otol
Rhinol Laryngol 1976;85:440-50.
9. Dedo HH, Urrea RD, Lawson L . Intracordal injection of
Teflon® in the treatment of 135 patients with dysphonia. Ann
Otol Rhinol Laryngol 1973;82:661-7.
10. Ford CN, Martin DW, Warner T F . Injectable collagen in
laryngeal rehabilitation. Laryngoscope 1984;95:513-8.
11. Ford CN, Bless DM. A preliminary study of injectable col
lagen in human vocal fold augmentation. Otolaryngol Head Neck
Surg 1986;94:104-12.
12. Feder RJ, Geller SA, Kassel R, Mertens R. Lavorato AS.
Vocal cord augmentation: characteristic of collagen vs Teflon in
the canine larynx. Proceedings of the XIII World Congress of
Otolaryngology 1985;2:402-3.
13. Rental E , Rental M, Rolnick MI. The use of spectrograms
in the evaluation of vocal cord injection. Laryngoscope 1975;
85:47-56.
14. Cormier Y, Kashima H, Summer W. Subclinical reduction
in airflows after Teflon injection of vocal cord. Laryngoscope
1980;90:1027-31.
15. Rubin HJ. Histologic and high speed photographic obser

17. Zemlin W R . A comparison of high speed cinematography
and a trans-illumination-photoconductive method in the study of
the glottis during voice production [Thesis]. Minneapolis: Univer
sity of Minnesota, 1959.
18. Harden RJ. Comparison of glottal area changes as mea
sured from ultra-high speed photographs and photoelectric glottographs. J Speech Hear Res 1975;18:728-38.
19. Baer T, Lofqvist A, McGarr NS. Laryngeal vibrations: a
comparison between high-speed filming and glottographic tech
niques. J Acoust Soc Am 1982;73:1304-80.
20. Fourcin AJ. Laryngographic examination of vocal fold
vibrations. In: Wyke B , ed. Ventilatory and phonatory control
mechanisms. Oxford, England: Oxford University Press, 1975:
315-33.
21. Trapp TK, Berke GS. Photoelectric measurement of laryn
geal paralyses correlated with videostroboscopy. Laryngoscope
1988;98:486-92.
22. Moore DM, Berke GS, Hanson C D , et al, Videostrobos
copy of the canine larynx. Laryngoscope 1987;97:543-54.
23. Berke GS, Moore DM, Hantke DR, Hanson DG, Gerratt
BR, Burstein F. Laryngeal modeling; theoretical, in vitro, in
vivo. Laryngoscope 1987;97:871-81.
24. Childers DG, Naik J , Larar JN, Krishnamurthy AK,
Moore GP. Electroglottography, speech and ultra-high speed
cinematography. In: Titze IR, Scherer R C , eds. Vocal fold
physiology. Denver: Denver Center for the Performing Arts,
1984:202-21.
25. Berke GS, Trapp T K . Effect of Teflon injection on vocal
fold vibration as observed by videostroboscopy — videotape pre
sentation. Presented at the meeting of the American Laryngo
logical Association, Palm Beach, Fla, April 23-25, 1988.
26. Gerratt BR, Berke GS, Hanson DG. Glottographic mea
sures of laryngeal function in individuals with abnormal motor
control. In: Baer T, ed. Laryngeal function in phonation and
respiration. Boston: College Hill Publication, 1987:521-31.

