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SUMMARY

Introduction: Endolaryngeal injection of botulinum toxin into the thyroarytenoid (TA) muscle is one of the methods for
treatment of focal laryngeal dystonia. However, after treatment, there is variation in laryngeal configuration as well as the side
effects reported by patients. As a consequence of the functional variability of results, it was hypothesized that botulinum toxin
diffuses beyond the limits of the muscle into which it is injected.

Objectives: After injection of botulinum toxin into the TA muscle for the treatment of focal laryngeal dystonia, patients differ
in terms of laryngeal configuration and side effects. We hypothesized that this toxin diffuses from the target muscle to adjacent
muscles.

Method: The TA muscles of 18 cadaver larynges were injected with aniline blue (0.2 mL). After fixation in formaldehyde and
nitric acid decalcification, the larynges were sectioned in the coronal plane and the intrinsic muscles were analyzed.
Results: We found diffusion of aniline blue to the lateral cricoarytenoid muscle, cricothyroid muscle, and posterior cricoarytenoid
muscle in 94.3%, 42.9%, and 8.6% of the cases, respectively. In terms of the degree of diffusion to adjacent muscles, we found
no differences related to the size (height and width) of the TA muscle or to gender.

Conclusions: Our findings suggest that diffusion of botulinum toxin from its injection site in the TA muscle to the lateral
cricoarytenoid muscle is likely in most cases. On the other hand, diffusion to the cricothyroid muscle occurs in approximately

half of cases and diffusion to the posterior cricoarytenoid muscle occurs in very few cases.
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INTRODUCTION

Adductor spasmodic dysphonia is a disorder
characterized by involuntary contractions of the adductor
muscles of the larynx during phonation, resulting in strained,
strangled, or forced voice quality, as well as intermittent
voice breaks (1,2). The use of botulinum toxin for the
treatment of spasmodic dysphonia was described by Blitzer
in 1986 (3). Since this report, botulinum toxin injection has
been the treatment of choice for spasmodic dysphonia in
various centers worldwide. Botulinum toxin injection is a
minimally invasive method that provides excellent functional
results. The toxin blocks presynapticacetylcholine release
atthe neuromuscularjunction, causing a partialand reversible
chemodenervation leading to muscle weakness, which
reduces spasms in patients with dystonia (4).

The most widely used method for injecting botulinum
toxin into the thyroarytenoid (TA) muscle is

electromyography-guided injection (4). At our facility,
botulinum toxin is typically injected with a flexible needle,
which is passed through the biopsy channel of a fiberoptic
laryngoscope and guided by video-assisted endoscopy
(2,5).

The reported side effects of botulinum toxin injection
into the TA muscle include dysphagia, aspiration, and
transient dyspnea, effects that vary in terms of incidence
and severity (6,10). Another factor observed in clinical
practice is a change in glottal configuration, including vocal
fold bowing and incomplete glottal closure (with or without
ventricular fold paralysis).

Studies in ophthalmology and gastroenterology have
shown that paralysis of adjacent muscles is the most serious
complication of the use of botulinum toxin and is probably
caused by excessive diffusion of the toxin (11-13). This
probably accounts for the wide variability in laryngeal
function and configuration after injection of botulinum
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toxin into the TA muscle, given that the adjacent (non-
targeted) muscles include the lateral cricoarytenoid (LCA)
muscle and the ventricular portion of the TA muscle itself.
Therefore, the objective of the present study was to
evaluate the diffusion of aniline blue, a stain specific to
muscle fibers, after its injection into the TA muscles of
larynges excised from human cadavers.

METHOD

This was an experimental study of 18 larynges that
were excised from human cadavers. The larynges were
obtained from the University of Sao Paulo School of
Medicine, Sao Paulo Municipal Department of Death
Certification, located in the city of Sao Paulo, Brazil. All
larynges were removed within the first 24 h after death.
We used 14 male larynges and 4 female larynges. All
larynges were obtained from adult individuals of 30-87
years of age (mean age, 55.5 years). The cause of death
was not taken into consideration, given that all larynges
were macroscopically intact.

In the present study, we used aniline blue, a water-
soluble stain that targets muscle fibers, at a concentration
of 2%. The methodology employed was similar to that
used for the injection of botulinum toxin in the Clinical
Otolaryngology Department of the University of Sao
Paulo School of Medicine Hospital das Clinicas (5). We
used a flexible needle (model no. IN-2010; Machida
Endoscope Co., Ltd., Tokyo, Japan) with a 0.5 mm tip.
The needle was introduced into the TA muscle and
middle third of the vibratory portion of the vocal fold,
approximately 1 mm lateral to junction of the vibratory
portion and the floor of the laryngeal vestibule (Figure 1).
We injected 0.2 mL of aniline blue into the right and left
vocal folds of each larynx. This volume (0.2 mL) is the
volume that is used for botulinum toxin injections at our
facility. The larynges remained in an anatomical position
for 30 min, after which they were immersed in 10%
buffered formalin and left for 7 days. The larynges were
then placed in 7% nitric acid for 24 h for decalcification,
being subsequently immersed in the same buffered
formalin solution. The larynges were removed from the
buffered formalin solution and stored at-10°C. In order to
standardize the laryngeal sections, we drew a line
(corresponding to the projection of the right vocal fold)
on the ipsilateral thyroid cartilage lamina, parallel to the
lower border of the cartilage. After measuring the width
of the lamina along this line, we divided the line into 4
equal parts. The larynges were coronally sectioned with
a microtome blade at 3 points (at the demarcated levels),
resulting in 4 sections (designated sections I, IL, TII, and TV,
from posterior to anterior). All sections were examined
under a surgical microscope in order to identify the

regions and muscles that showed aniline blue staining. For
subsequent analyses, the sections were photographed
with a digital camera (DSC-S30; Sony Corporation, Tokyo,
Japan) at a resolution of 640 X 480 pixels.

We examined the TA, LCA, cricothyroid (CT), and
posterior cricoarytenoid (PCA) muscles for aniline blue
staining. We examined both sides of the sections because
of the possibility of finding different degrees of aniline
blue staining at different depths. Stained muscles were
defined as those in which the entire length of the muscle
(in at least one of the sections) showed aniline blue
staining. Partially stained muscles were defined as those
inwhich part of the muscle, however small, did not show
staining. In order to analyze the PCA muscle, we dissected
the posterior lamina of the cricoid cartilage.

We compared the genders in terms of dye diffusion
to the muscles studied, each cadaver being considered as
one case. Dye diffusion was defined as the presence of
aniline blue staining on at least one side (right or left). We
then measured the TA muscle in the section in which it
was at its largest, using a ruler divided into millimeters.
The TA muscle was measured in the lateromedial direction
(width) and in the craniocaudal direction (height), as
shown in Figure 2.

In order to compare the muscles in terms of dye
diffusion, we used the McNemar’s test for paired
proportions. In order to compare the genders in terms of
dye diffusion, we used Fisher’s exact test. In order to
determine whether TA muscle width and height had any
influence on dye diffusion to non-injected muscles, we
adjusted the logistic regression model, testing the
parameters with the Wald test. In order to compare the
genders in terms of laryngeal size, we used the
nonparametric Mann-Whitney test. For all tests, the level
of significance was set at 5%.

RESULTS

We evaluated 18 larynges (with 36 vocal folds). The
left vocal fold of one of the larynges was damaged during
the sectioning process, and the larynx was therefore
excluded from the study sample. Thus, our final sample
consisted of 35 hemi-larynges. Table 1 shows the analysis
of aniline blue staining of the TA, LCA, CT, and PCA
muscles.

Aniline blue staining was observed most often in the
LCA muscle, followed by the CT and PCA muscles. We
found statistically significant differences between the LCA
and CT muscles and between the LCA and PCA muscles in
terms of the frequency of dye diffusion (p <0.00001). We
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Figure 1. Introduction of the needle into the injection site.

Figure 2. Points at which the width and height of the
thyroarytenoid muscle were measured.

Table |. Analysis of aniline blue staining of the thyroarytenoid, lateral cricoarytenoid,
cricothyroid, and posterior cricoarytenoid muscles.

Aniline Blue Staining

Muscle Nostaining Partialstaining ~ Completestaining Any staining(total)
n (%) n (%) n(%) n (%)

TA - 2(5.7%) 33 (94.3%) 35 (100%)

LCA 2(5.7%) 16 (45.7%) |7 (48.6%) 33 (94.29%)

cT 20 (57.1%) 14 (40.0%) [ (2.9%) I5 (42.86%)

PCA 32 (91.4%) 3(8.6%) - 3 (8.57%)

Note: TA, thyroarytenoid; LCA, lateral cricoarytenoid; CT, cricothyroid; PCA,

posterior cricoarytenoid.

also founda statistically significant (albeit weaker) difference
between the CT and PCA muscles in terms of the frequency
of dye diffusion (p < 0.0013).

Table 2 shows the results of the comparison between
the genders in terms of the frequency of dye diffusion.
Since there was dye diffusion to the LCA muscle in all
larynges, it was impossible to perform a statistical analysis
of this variable for the LCA muscle. We found that neither
the width nor the height of the TA muscle had a significant
influence on aniline blue diffusion to the LCA, CT, and PCA
muscles (Table 3).

DiscussioN

Botulinum toxin injections into the TA muscle have
been widely used in the treatment of spasmodic dysphonia.
Botulinum toxin is produced by the anaerobic bacterium
Clostridium botulinum, and botulinum toxin type A is the

Table 2. Comparison between thegendersin terms of aniline
blue diffusion to the lateral cricoarytenoid, cricothyroid, and
posterior cricoarytenoid muscles.

Gender
Dye Diffusion Male Female
n(%) n(%)

Diffusiontothe LCA muscle™

Yes 4 (100%) 4 (100%)

No 0 (0%) 0(0%)
Diffusionto the CT muscle®

Yes 8 (57.14%) 3(75%)

No 6 (42.86%) I (25%)
Diffusion to the PCA muscle*

Yes 2 (14.29%) 0(0%)

No 12 (85.71%) 4 (100%)
Note: LCA, lateral cricoarytenoid; CT, cricothyroid; PCA,

posterior cricoarytenoid

*p = 0.622 for the CT muscle; p = 1.000 for the PCA muscle.
Since there was dye diffusionto the LCAmuscle inall larynges, it
was impossible to performa statistical analysis for this muscle.
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Table 3. Influence of the width and height of the thyroarytenoid
muscle on aniline blue diffusion to the lateral cricoarytenoid,
cricothyroid, and posterior cricoarytenoid muscles.

Dye Diffusion TAWidth(cm)  TAHeight(cm)
Mean p Mean p
Diffusiontothe LCA muscle
Yes 0.55 0.4535 051 0.8327
No 051 0.52
Diffusionto the CT muscle
Yes 0.51 0.6272 0.53 0.7402
No 0.50 0.52
Diffusionto the PCA muscle
Yes 0.51 08136 053 03110
No 0.53 0.47

Note: TA, thyroarytenoid; LCA, lateral cricoarytenoid; CT,
cricothyroid; PCA, posterior cricoarytenoid.

form that is used therapeutically. Botulinum toxin blocks
presynaptic acetylcholine release at the neuromuscular
junction, causing partial and reversible chemodenervation
leading to muscle weakness, thereby reducing spasticity in
patients with dystonia (4).

The most serious complication of botulinum toxin
injection in the treatment of dystonia has been reported to
be paralysis of muscles other than the target muscle, which
ismost likely attributable to toxin diffusion from the injected
muscle to adjacent muscles. Various authors (14-16) have
reported botulinumtoxin diffusion to pharyngeal and laryngeal
muscles after injection of the toxin into the
sternocleidomastoid muscle for the treatment of spasmodic
torticollis. According to these authors, the complications
were dysphagia, hoarseness, and vocal fold paralysis. Ludlow
etal (9) noted that, after injection of botulinum toxin into the
TA muscle, there was transient dysphagia for liquids,
breathiness, transient dyspnea, and aspiration, all of which
were attributed to diffusion of the toxin to adjacent muscles.

The use of excised larynges allows the larynx to be
cut into several sections after dye injection. However, an
excised larynx has the disadvantage of being a devitalized
tissue, which is immobilized (not subject to the motion that
accompanies breathing, swallowing, and phonation) and
without blood circulation or lymph flow. Therefore, it does
not accurately reflect normal laryngeal function. In the
excised larynges used in the current study, dye diffusion
occurred passively, i.e., without the aid of circulation or
active motion, and was probably due to hydrostatic pressure
on the fluid-filled compartment of the muscle.

In the present study, the LCA muscle, which is the
muscle that is closest to the TA muscle, was the most
affected by diffusion (Figure 3). We found that 94.29% of

the LCA muscles studied showed aniline blue staining. The
LCA muscle is an important adductor muscle that positions
the vocal processes along the midline through the rotation
of the arytenoids. Therefore, LCA muscle involvement can
lead to inadequate closure of the posterior third of the
glottis, with incorrect positioning of the vocal process,
leading to breathiness and aspiration.

Aniline blue diffusion to the CT muscle was observed
in 42.806% of the cases (Figure 4). It is known that CT
muscle involvement can lead to decreased fundamental
frequency of phonation and, when accompanied by LCA
and TA muscle paralysis, can decrease vocal intensity. The
PCA muscle is the only abductor muscle of the larynx. In
the present study, aniline blue diffusion to the PCA muscle
was observed in 8.57% of the cases studied (Figure 5).

Figure 3. Lateral cricoarytenoid muscles showing aniline blue
staining.

Figure 4. Cricothyroid muscle stained on the left.
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Figure 5. Posterior cricoarytenoid muscle partially stained on

both sides.

Although the risk of bilateral diffusion is small, it
should be taken into consideration when botulinum toxin
is used in the treatment of patients with spasmodic
dysphonia, particularly when the toxin is injected bilaterally,
because bilateral toxin diffusion can lead to a clinical
situation that is similar to bilateral adductor vocal fold
paralysis. Althoughitisa rare complication, bilateral paralysis
following botulinum toxin injection has been reported in
patients with adductor spasmodic dysphonia (17).
Therefore, different degrees of muscle paralysis and paresis
(in isolation or in combination) can explain the different
laryngeal configurations observed in such patients.

Another parameter analyzed in our study was the
influence of gender on aniline blue diffusion to non-
injected muscles. This was tested for each muscle
individually. For the LCA muscle, it was impossible to
analyze this parameter because all of the larynges studied
showed dye diffusion to the LCA muscle, with the exception
of 2 hemi-larynges. With regards to the CT and PCA
muscles, we found that gender had no statistically significant
influence on dye diffusion to these muscles. Other authors
have also found that there are no significant gender-related
differences in diffusion (18).

Inaddition, we tested whether the height and width
of the TA muscle influenced dye diffusion to non-injected
muscles. We found that neither the height nor the width of
the TA muscle had any influence on dye diffusion to any
of the adjacent muscles studied.

CONCLUSION

Based on the results of the present study, we can
conclude that the probability of botulinum toxin diffusion
to muscles that are adjacent to the TA muscle is nearly
100% for the LCA muscle and nearly 50% for the CT
muscle. Albeit less common, diffusion of toxin to the PCA
muscle can also occur. In addition, it seems that neither
gender nor laryngeal size has any significant influence on
the pattern of diffusion.
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