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Quantity and Three-Dimensional Position of the Recurrent and
Superior Laryngeal Nerve Lower Motor Neurons in a Rat Model

Philip Weissbrod, MD; Michael J. Pitman, MD; Sansar Sharma, MD;
Aaron Bender; Steven D. Schaefer, MD

Objectives: We sought to elucidate the 3-dimensiotial position and quantify the lower motor neurons (LMNs) of the re-
current laryngeal nerve (RLN) and the superior laryngeal nerve (SLN) in a rat model. Quantification and mapping of these
neurons will enhance the usefulness of the rat model in the study of reinnervation following trauma to these nerves.
Methods: Female Sprague-Dawley rats underwent microsurgical transaction of the RLN, the SLN, or both the RLN and
SLN or sham surgery. After transection, either Fluoro-Ruby (FR) or Fluoro-Gold (FG) was applied to the proximal nerve
stumps. The brain stems were harvested, sectioned, and examined for fluorolabeling. The LMNs were quantified, and
their 3-dimensional position within the nucleus ambiguus was mapped.

Results: Labeling of the RLN was consistent regardless of the labeling agent used. A mean of 243 LMNs was document-
ed for the RLN. The SLN labeling with FR was consistent and showed a mean of 117 LMNs; however, FG proved to
be highly variable in labeling the SLN. The SLN LMNs lie rostral and ventral to those of the RLN. In the sham surgical
condition, FG was noted to contaminate adjacent tissues — in particular, in the region of the SLN.
Conclusions: Fluorolabeling is an effective tool to locate and quantify the LMNs of the RLN and SLN. The LMN po-
sitions and counts were consistent when FR was used in labeling of either the RLN or the SLN. Fluoro-Gold, however,
because of its tendency to contaminate surrounding structures, can only be used to label the RLN. Also, as previously
reported, the SLN LMNs lie rostral and ventral to those of the RLN. This information results in further clarification of a
rat model of RLN injury that may be used to investigate the effects of neurotrophic factors on RLN reinnervation.
Key Words: animal model, Fluoro-Gold, Fluoro-Ruby, laryngeal nerve, lower motor neuron.

INTRODUCTION
Iatrogenic injury to the laryngeal nerves is a rel-

atively common complication of thyroid, cervical,
or cardiothoracic surgery. The recurrent laryngeal
nerve (RLN) and the superior laryngeal nerve (SLN)
serve as conduits of both motor information and sen-
sory information to and from the larynx. The RLN
innervates both adductor and abductor muscles in
the larynx. After transection of the RLN, the aber-
rant regeneration of the axons results in synkinesis
that leads to vocal fold immobility.

Synkinesis of laryngeal muscles may be consid-
ered in two ways. In one, a single regenerating RLN
axon may innervate both adductor and abductor
muscles. Conversely, regenerating axons may inap-
propriately innervate the adductor or abductor mus-
cle, with abductor axons innervating adductor mus-
cles and adductor axons innervating abductor mus-

cles. Both of these considerations require resolution
at the laryngeal muscle and the laryngeal motor neu-
ron in the brain stem. An animal model is critical
to understanding the cause of synkinesis and later
devising treatments to potentiate the proper regen-
eration of the RLN. Such a model would need to be
investigated by endoscopie, electromyographic, and
histologie techniques to elucidate the neurologic re-
generative processes that occur at both the larynx
and the lower motor neurons (LMNs) in the nucle-
us ambiguus (NA). In the present study, we aimed
to update the rat model by elucidating the 3-dimen-
sional organization of the LMNs of the RLN and the
SLN. We provide an accurate reference for future
experiments involving retrograde labeling via mus-
cle injections and direct application of tracers to the
RLN after injury. These future experiments will en-
hance our understanding of the mechanism of synki-
nesis and exploration of treatment to restore proper
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function via accurate reinnervation.

Previous studies have examined the NA in rats
by using retrograde labeling with variable results.'-^
The current study was intended to reexamine the lo-
cation and quantity of LMNs within the NA, and
specifically the relationship between the RLN LMNs
and the SLN LMNs, through the use of more sophis-
ticated labeling agents that enable complete visual-
ization of neurons, dendrites, and axons. We chose
Fluoro-Ruby (FR; Invitrogen, Carlsbad, California)
and Fluoro-Gold (FG; Fluorochrome LLC, Denver,
Colorado) because they are easily processed and al-
low for clear visualization of labeled cells. Via retro-
grade transport, these chemicals avidly label LMNs
and their processes in a relatively short period of
time and remain in the cell bodies for many months
without transsynaptic labeling.''

METHODS
Experimental Animals. Twenty female Sprague

Dawley rats weighing 250 g were used in the pres-
ent study. Humane care was provided for the ani-
mals, and all institutional and national guidelines
were observed. The animals underwent transection
of the right RLN only (4 animals), the right SLN
only (4 animals), or both the RLN and SLN (8 ani-
mals) or sham surgery (4 animals). After transec-
tion, the proximal nerve stumps were soaked in la-
beling agent consisting of 5% FG in 0.1 mol/L phos-
phate-buffered saline solution (PBS) or 5% FR in
PBS for a period of 5 minutes for retrograde label-
ing of the neurons in the brain stem. The transected
nerve end was isolated from the surrounding fascia
and smooth muscles, Gelfoam soaked with the fluo-
rochrome was then packed around the transected
nerve end and left in place for 5 minutes. After this
procedure, the cut nerve was thoroughly washed
with PBS and the area was dried with cotton swabs
to minimize contamination of the dye in the sur-
rounding tissue. This technique was an alternative
to placing the nerve end in a well filled with tluoro-
chrome. In previous experiments, the well technique
appeared to result in more nerve end trauma, as well
as contamination of surrounding tissue.

The choice of these fluorochromes was based
upon our previous work. Fluoro-Gold may pene-
trate intact axons and label other neurons in the
brain stem. This situation was avoided by the isola-
tion and washing of the nerve after exposure to the
fluorochrome. Fluoro-Ruby, on the other hand, has
a higher molecular weight, and its use in the central
nervous system of the rat caused no erroneous label-
ing.^ Fluoro-Gold and FR labeling was performed in
4 groups of animals. In one group of 4 animals, the

RLN was labeled with FG and the SLN with FR. In
a second group of 4, the RLN was labeled with FR
and the SLN with FG. In a third group (8 total), 4
animals had only the RLN labeled with FR and the
other 4 had only the SLN labeled with FR. Sham
surgery and labeling was performed on a fourth
group of 4 animals.

Surgical Procedures. Each animal was sedated
with isoflurane and then received an intramuscu-
lar injection of 70 mg/kg of ketamine hydrochloride
and 7 mg/kg xylazine hydrochloride to produce suf-
ficient anesthesia. The anterior cervical region was
injected subcutaneously with 0.2 mL of 1% lido-
caine hydrochloride with epinephrine (1:100,000).
Anesthesia was confirmed with a tail and foot pinch
before the surgical procedure commenced.

The animals were placed supine, and a vertical
midline incision was made extending to the ster-
num. The strap muscles were separated in the mid-
line and retracted with an eyelid retractor. With an
operating microscope (Cari Zeiss AG, Oberkochen,
Germany), the RLN was identified in the tracheo-
esophageal groove and isolated from its surround-
ing structures. The SLN was identified as it coursed
horizontally to the cricothyroid muscle. Depending
on the experimental condition, the RLN, the SLN,
or both the RLN and SLN were sharply transected.
The RLN was transected at the level of the seventh
trachéal ring, and the SLN was transected just prox-
imal to its entry into the larynx. After transection,
fluorochrome was applied to the proximal nerve
stump for a period of' 5 minutes. In cases in which
dual labeling was performed, cotton was placed be-
tween the labeling sites to prevent contamination. In
all experiments, only the right RLN and right SLN
were transected, with the contralateral side serving
as a control. After nerve labeling, the area was blot-
ted with cotton to remove excess tracer, and the in-
cision was closed with 3-0 silk suture. To confirm
injury to the RLN, we performed transoral laryngos-
copy with a 0° rigid nasal endoscope (Karl Storz,
Tuttlingen, Germany) to confirm absence of move-
ment and vocal fold paralysis.

For sham surgical procedures, the above process
was performed, including identification and isola-
tion of the appropriate nerves. Gelfoam soaked with
fluorolabeling agent was packed around the uncut
nerve at the site for a period of 5 minutes. The Gel-
foam was removed, the area was blotted with cotton,
and the wound was closed in the above fashion.

On postoperative day 10, the animals were pain-
lessly sacrificed by lethal inhalation of isoflurane.
Immediately thereafter, the brain stems were harvest-
ed and placed for 4 hours in 4% paraformaldehyde
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Fig 1. Retrograde-labeled laryngeal motor neurons (LMNs). A)
Photomicrograph shows Fluoro-Gold (FGHabeled recurrent
laryngeal nerve (RLN) LMNs in nucleus ambiguus (NA). Pho-
to was taken with 20x objective. Scale bar — 100 |i.m. B) Pho-
tomicrograph shows Fluoro-Ruby (FR)--labeled RLN LMNs
in NA. Scale bar — 100 |a,m. C) Superimposed image of FG-
labeled RLN and FR-labeled superior laryngeal nerve (SLN).
Area imaged is caudal region of NA. Note more rostral (top of
image) and lateral (right of image) orientation of SLN LMNs.
Scale bar — 200 (xm.

in 0.1 mol/L pH 7.2 PBS. The isolated brain stems
were then transferred into 30% sucrose in PBS and
kept at 4°C until the tissue sank to the bottom of the
container. The tissue was embedded in optimal cut-
ting temperature medium (OCT). The brain stems
were sectioned with a cryostat (Leica Microsystems,
Wetzlar, Germany) into 40-|i,m-thick serial, longitu-
dinal sections and mounted onto precoated slides.
After allowing the sections to dry overnight, we ir-
rigated sections in sterile saline solution to dissolve
the OCT, mounted them with 1:1 PBS-glycerin, and
cover-slipped them. The slides were kept at 4°C in
a closed container to avoid light contamination until
examination via fluorescent microscopy.

Quantification of Fluorolabeled LMNs. The brain
stem sections were examined by light microscopy
(Axioskop, Zeiss) by a reviewer who was unaware
of the surgical procedure performed. The slides
were systematically examined to ensure that all la-
beled cells were appropriately counted. Only cells
that had visible cell bodies and contained the nucle-
us were counted. The counts were confirmed by 2
other viewers in a blinded fashion. In specimens la-
beled with 2 fluorochromes, FR and FG interference

and absorption filters (Zeiss) were used to view and
capture images. Double images were then digitally
superimposed.

After quantification of cells, images were pro-
cessed to assess stereotactic LMN position. Individ-
ual sections were digitized, and labeled cells with-
in each section were demarcated digitally into an
X- and y-coordinate system. The perimeter of each
section was outlined digitally and assigned x- and y-
coordinates as well. The z-coordinate was assigned
on the basis of specimen number within the serially
cut sections. Each section was then aligned in the
X- and y-planes in order to be centered on the pre-
ceding specimen. The x- and y-coordinates for each
cell were then recorded on a spreadsheet. The coor-
dinates were then plotted in a 3-dimensional graph
with Sigmaplot (Systat Software Inc, Chicago, Il-
linois).

RESULTS
The NA in the brain stem of the rat has an unusual

territorial domain. It has two subdivisions: an up-
per part and a lower part. The upper subdivision lies
caudal to the facial nucleus, and the majority of the
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Fig 2. NA distribution of FG-labelcd RLN (white) and FR-labeled SLN (gray). Note rostral, lateral, and ventral
orientation of SLN LMNs as compared to more dorsal, caudal, and medial position of RLN LMNs. A 3 ) FG-
labeled LMNs are brought to front of image. CJ)) FR-labelcd LMNs are brought to front of image. Dashed line
demarcates level of obex.

SLN LMNs are located in it. The RLN LMNs are lo-
cated in the ventral and caudal subdivision. We have
followed the classification of Bieger and Hopkins^
to identify the subdivisions of the NA.

When FR or FG was used on the transected RLN,
in 3 different experimental settings (total of 12 ani-
mals), the average number of labeled LMNs in the
ventral and caudal region of the NA was 243 (Fig
1A,B). When the SLN was labeled with FR, the av-
erage number of labeled LMNs in the NA was 117.
In the middle region of the two subdivisions of the
NA, there were labeled LMNs from the SLN and
the RLN. In cases in which the SLN and RLN were
labeled with separate dyes, there was overlap of la-
beled LMNs in the middle loeation of the subdivi-
sions of the NA(Figs lC,2,and 3); however, we did
not observe any neurons that were double-labeled
with the two different fluorochromes. When the SLN

was labeled with FG, the number of labeled LMNs
was very high (mean, 422; 4 samples; see Table),

A reasonable consistency in the number of LMNs
labeled with FR was evident. It was also evident that
labeling of the RLN with either FG or FR gave a
consistent number of labeled LMNs. A major dis-
crepancy in the number of labeled LMNs from the
SLN when FG was used as a tracer can be attributed
to the capability of FG to avidly label the LMNs of
injured muscles surrounding the SLN. The findings
suggest that the RLN is composed of a larger num-
ber of axons from the NA than is the SLN. Addition-
ally, the use of FR in the present experiments pro-
vided more consistent and accurate labeling than did
the use of FG.

Statistical analysis using a 2-tailed ?-test for cells
labeled through the RLN (12 samples) shows the
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Fig 3. Three-dimensional representation of re-
lationship between RLN LMNs (white) and
SLN LMNs (gray). SLN LMNs are lateral, ros-
tral, and ventral as compared to RLN LMNs.
There is also small area of overlap in medial
region of NA.
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mean as 242.58 (SEM, 4.9; p < 0.001). In the SLN
(8 samples), the mean number of labeled cells was
117 (SEM, 8.9; p < 0.001). The group in which FG
was used to label the SLN was not included in the
statistical analysis.

In the sham surgical condition, when the intact
RLN or SLN was smeared with FR or FG, no neu-

NUMBERS OF LABELED NEURONS IN
NUCLEUS AMBIGUUS

Eluorochrome
Group Tracer
A (n = 4) Fluoro-Ruby

B (n = 4) Fluoro-Gold

C (n = 8) Fluoro-Ruby

RLN-Labeled
LMNs
230
240
260
266

Mean = 249

243
246
239
236

Mean = 241

238
243
244
267

SLN-Labeled
LMNs

120
129
130
90

Mean= 117

X -̂'1
430
529
420

Mean = 422

74
158
120
116

Mean = 248 Mean =117
Groups A and B represent one tluorochrome used to label recurrent
laryngeal nerve (RLN) and other tluorochrome used to label supe-
rior laryngeal nerve (SLN). Arrows point to dual-labeled animals.
Group C represents animals singly labeled with Fluoro-Ruby. LMNs
— lower motor neurons.

rons within the NA were labeled — a finding con-
firming that neither dye labeled intact axons in
the present experiments. Labeling with FG in the
transected nerves (both SLN and RLN) resulted in
scattered labeling of cells in the dorsal and peri-NA
regions. There was increased contamination noted
in FG-labeled SLN LMNs, which was likely due
to labeling of nerve endings in the dissected strap
muscles and nearby pharyngeal constrictor muscles.
No LMNs were labeled with FR when the nerves
were intact (sham experiments), likely because of
the higher molecular weight resulting in less-avid
uptake in surrounding muscle.

Two animals were excluded from the LMN count
studies after surgical transection and labeling; one
animal died in the perioperative period and the other
was not included because a number of sections were
destroyed during sectioning.

The LMNs of the SLN lie rostral, lateral, and ven-
tral in relation to the more caudal, dorsal, and me-
dial position of the RLN LMNs (Fig 2). The LMNs
of the RLN and SLN did share a region of overlap in
the more rostral portion of the RLN distribution. T'he
fact that there was no dual labeling of any LMNs
suggests that entirely separate LMN axons from the
NA traverse the RLN and SLN.

The majority of labeled neurons for the RLN and
SLN were confined within the NA. However, in 2
animals, a few labeled neurons were encountered in
the area corresponding to the contralateral NA. In 1
animal, 4 cells were noted, and 8 were noted in the
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Other.
DISCUSSION

This study was designed as a complement to pri-
or published work from our laboratory that details
techniques for studying reinnervation in rats and for
following animals after crush injury.**'' These ear-
lier studies focused on nerve injury via an aneurysm
clamp. In many of the studied conditions, the vocal
folds had purposeful movement after crush injury.
To ensure an experimental condition that reliably
and reproducibly creates synkinesis, we transected
the nerves instead of causing a crush injury. Nerve
transection leads to reliable and consistent nonfunc-
tional synkinetic reinnervation of the larynx as eval-
uated by kinesiologic, histologie, and electromyo-
graphic parameters.'"

The present work is a part of ongoing research on
rats that is aimed at creating a comprehensive mod-
el to study laryngeal reinnervation following injury.
A number of contemporary groups have made at-
tempts at studying neuroregenerative agents in rats
after injury."'-^ Although some of this work holds
potential promise, most of these studies are based on
incomplete animal models (without functional stud-
ies and sometimes without experimental controls),
leaving room for doubt about their validity.

Understanding reinnervation requires examina-
tion of events at the site of injury (the nerve) and
the effects on the end organ (the larynx), and also
an understanding of events at the level of the motor
neurons (the NA). For laryngeal nerve injury, this
is a complicated proposition, given contributions to
the larynx from both the SLN and the RLN, with
the RLN carrying both adductory and abductory ef-
ferent fibers. Cataloging the organization of LMNs
within the NA is of paramount importance in un-
derstanding the potential reorganization of abductor
and adductor signals that can occur after injury lead-
ing to synkinesis. Once the adductor and abductor
LMN populations are established in normal animals,
one could look for inappropriate LMN labeling in
the LMNs in the NA. Conversely, the possibility ex-
ists that an axon of one LMN may innervate both
muscles. In these scenarios, one would see double
labeling of LMN with two different dyes. For these
reasons, it is critical to establish the accurate posi-
tion of the LMN pool for the RLN and the SLN.
Our future studies stand to unravel the varied popu-
lations of LMNs that innervate separate sets of mus-
cles in the larynx.

The study of the RLN and SLN LMNs in rats is
not novel. Using horseradish peroxidase (HRP), di-
amidino yellow, and true blue. Portillo and Pásaro'
injected laryngeal muscle groups. For the cricothy-

roid muscle, 22 to 90 LMNs were labeled, depend-
ing on the labeling agent used. The mean value for
the posterior cricoarytenoid, thyroarytenoid, and
lateral cricoarytenoid muscles combined was 215.^
Therefore, working under the assumptions that the
cricothyroid LMNs constitute the LMNs of the SLN
and that the sum of the posterior cricoarytenoid, thy-
roarytenoid, and lateral cricoarytenoid LMNs equal
those of the RLN, the mean values of labeled LMNs
in their study were lower than those in the present
study. In another study, Hinrichsen and Ryan^ used
HRP to label the cut nerve ends of the RLN, and
they immersed the nerve endings in an HRP solu-
tion, thereby increasing cell labeling; however, sig-
nificant variability in results was encountered. Both
studies'-2 used labeling agents that are somewhat
unreliable and are likely the source of much of the
difference and confusion in the literature. Further-
more, injection of HRP into muscles as opposed to
labeling transected nerve ends has the potential to
label fewer LMNs.

Flint et al-̂  undertook a similar approach to cate-
gorize the LMNs and addressed questions regarding
postinjury synkinesis in animals. Horseradish per-
oxidase, diamidino yellow, and fast blue were used
to label either specific muscle groups or nerves. The
relationships of the LMN muscle groups were large-
ly consistent with those in previous studies; howev-
er, labeling of the RLN showed fewer LMNs than in
similar studies and the present study. In addition, an
experimental condition was undertaken in which the
posterior cricoarytenoid, thyroarytenoid, and lateral
cricoarytenoid muscles were injected with HRP 15
weeks after transection and reanastomosis. These au-
thors showed a decreased number of labeled LMNs,
as well as a loss of spatial segregation in respect to
the studied LMN groups, validating the importance
of analyzing the LMNs when considering laryngeal
nerve injury and synkinesis.

The current study used FG and FR, two examples
of retrograde fluorolabeling agents. Previous work
in rats using biotinylated dextran amines (BDAs) as
labeling agents has generated results similar to those
of the current study. When BDAs were used to label
the RLN, there was a range of 121 to 240 LMNs,
with an average of 143."̂  Again using BDAs, Pas-
cual-Font et al-'' found that the SLN had an average
of 111 LMNs. In addition to SLN labeling, they not-
ed significant labeling of the ipsilateral dorsal mo-
tor nucleus of the vagus nerve — a finding attrib-
uted to efferent preganglionic parasympathetic neu-
rons. Additional labeling was noted in the ipsilateral
solitary tract and the nucleus of the ipsilateral soli-
tary tract, both likely representing afferent laryngeal
sensory fibers carried within the SLN.-'' The present
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Study confirms the above LMN counts, although our
labeling was more consistent. We also noted very
few labeled cells outside the expected confines of
the NA; however, we did not quantify these cells, as
they do not represent LMNs that drive the RLN or
SLN and do not contribute to postinjury synkinesis.

In the present series of experiments, we found
only that FR reliably labels the SLN without con-
tamination. With FR, the mean number of labeled
neurons was 116, with a range of 74 to 158. These
results are consistent with those of prior studies.'•^•-''

The disparity within fluorolabeling agents is con-
sistent with a number of previous studies that have
shown that FR only effectively labels damaged or
cut nerves in the facial muscles of the rat,̂ '* and that
it has poor labeling capacity when injected directly
into muscle.'-^ This tendency would make FR con-
tamination via surrounding musculature unlikely.
Conversely, in a mouse model of the tibial nerve
and gastrocnemius muscles, FG showed good retro-
grade transport in both cut nerve labeling and mus-
cle injection, but was found to show an increased
potential for background diffusion. These findings
suggest that if muscle is damaged during surgery,
contamination and resultant LMN labeling with FG
is more likely.

In the present study, LMN labeling outside of the
NA can be attributed to a number of possible sce-
narios. First, there are afferent sensory and parasym-
pathetic nerves within the RLN and SLN that origi-
nate in the nucleus of the solitary tract and the dorsal
motor nucleus. It is further possible that contami-
nation of surrounding tissues takes place during the
dissection of the RLN and SLN. Access to the SLN
requires significantly more dissection of surround-
ing muscles than does access to the RLN. There are

fascial planes over all of the surrounding structures
that can serve as natural barriers to contamination.
As such, contamination with FG via injured muscle
is likely the reason for the disparate SLN quantifica-
tion in our study that resulted in elevated numbers of
LMNs. In the present study, regardless of the agent
used, the RLN LMNs were consistently labeled in
number and location.

In conclusion, labeling of the RLN and SLN, with
FR in particular, produces consistent results that al-
low the quantification and confirmation of the posi-
tion of the LMNs of the laryngeal nerves. Eluoro-
Ruby is optimal for this study because of its ardent
ability to be taken up by transected nerves with min-
imal contamination of surrounding tissues. Although
FG is also avidly taken up by cut nerves, we believe
it also has the tendency to contaminate nearby tis-
sues in situations in which there has been extensive
muscle dissection. The position of the LMNs of the
RLN and SLN in this study is consistent with the
findings of prior studies: the LMNs of the SLN lie
rostral, ventral, and lateral to those of the RLN, with
a small area of overlap. This study also confirms the
higher number of RLN LMNs that were identified
in one study* and the location of these LMNs iden-
tified in others.-̂ -̂  The present observations support
the superiority of the new staining techniques and
resolve the controversy and confusion that resulted
from disparate LMN counts seen in studies that used
other techniques. The information from this study
further clarifies the use of the rat as a model for
RLN injury. This study also provides baseline in-
formation for future study of specific intralaryngeal
muscle LMN groups and, eventually, the study of
neurotropic or other pharmacologie agents with the
motive of improving postinjury function and reduc-
ing synkinesis.

Acknowledgment: We thank Dr Alan Springer for his statistical analysis.

REFERENCES
1. Portillo F, Pásaro R. Location of motoneurons supply-

ing the intrinsic laryngeal muscles of rats. Horseradish peroxi-
dase and fluorescence double-labeling study. Brain Behav Evol
1998;32:220-5.

2. Hinrichsen CFL, Ryan AT. Localization of laryngeal mo-
toneurons in the rat: morphologic evidence for dual innerva-
tion? Exp Neurol l981;74:341-55.

3. Flint PW, Downs DH, Coltrera MD. Laryngeal synkine-
sis following reinnervation in the rat. Neuroanatomic and physi-
ologic study using retrograde fluorescent tracers and electro-
myography. Ann Otol Rhinol Laryngol 1991; 100:797-806.

4. Pascual-Font A, Maranillo E, Vázquez T, Sañudo JR,
Valderrama-Canales FJ. On the number and morphometrical
parameters of the nucleus ambiguous neurons after the injury
and regeneration of the recurrent laryngeal nerve in the rat [in
Spanish]. Acta OtorrinolaringolEsp2008;59:163-9.

5. Pascual-Font A, Maranillo E, Merchán A, Vázquez T,
Sañudo JR, Valderrama-Canales FJ. Central projections of the
rat superior laryngeal nerve [in Spanish]. Acta Otorrinolaringol
Esp 2006;57:295-9.

6. Bieger D, Hopkins DA. Viscerotopic representation of
the upper alimentary tract in the medulla oblongata in the rat:
the nucleus ambiguus. J Comp Neurol 1987;262:546-62.

7. Ahmed FAKM, Ingoglia NA, Sharma SC. Axon reseal-
ing following transection takes longer in central axons than in
peripheral axons: implications for axonal regeneration. Exp
Neurol 2001;167:451-5.

8. Tessema B, Roark RM, Pitman M J, Weissbrod P, Sharma
S, Schaefer SD. Observations of recurrent laryngeal nerve injury
and recovery using a rat model. Laryngoscope 2009; 119:1644-
51.

9. Tessema B. Pitman MJ, Roark RM, Berzofsky C, Sharma



768 Weissbrod et al. Recurrent & Superior Laryngeal Nerve Lower Motor Neurons

S, Schaefer SD. Evaluation of functional recovery of recurrent
laryngeal nerve using transoral laryngeal bipolar electromyog-
raphy; a rat model. Ann Otol Rhinol Laryngol 2008;l 17;604-8.

10. Pitman MJ, Weissbrod P, Roark R, Sharma S, Schaefer
SD. Electromyographic and histologie evolution of the recur-
rent laryngeal nerve from transection and anastomosis to mature
reinnervation. Laryngoscope 2011;I21;325-31.

11. Shiotani A, O'Malley BW Jr, Coleman ME, Flint PW.
Human insulinlike growth factor 1 gene transfer into paralyzed
rat larynx: single vs multiple injection. Arch Otolaryngol Head
Neck Surg 1999;125;555-60.

12. Mori Y, Shiotani A, Saito K, et al. A novel drug therapy
for recurrent laryngeal nerve injury using T-588. Laryngoscope

2007;117;1313-8.

13. Hydman J, Remahl S, Björck G, Svensson M, Mattsson
P. Nimodipine improves reinnervation and neuromuscular func-
tion after injury to the recurrent laryngeal nerve in the rat. Ann
Otol Rhinol Laryngol 2007;l 16;623-30.

14. Choi D, Li D, Raisman G. Fluorescent retrograde neu-
ronal tracers that label the rat facial nucleus; a comparison of
Fast Blue, Fluoro-ruby, Fluoro-emerald, Fluoro-Gold, and Dil.
J Neurosci Methods 2002; 117; 167-72.

15. Hayashi A. Moradzadeh A, Hunter DA, et al. Retrograde
labeling in peripheral nerve research; it is not all black and
white. J Reconstr Microsurg 2007;23;381-9.

CORRECTION
An error was made in the affiliations footnote of an article that appeared in our April 2011 issue. In

the article (Kim JK, Lee JH, Lee S-H, Hong S-C, Cho JH, "School Performance and Behavior of Korean
Elementary School Students With Sleep-Disordered Breathing," A«« Otol Rhinol Laryngol 20ll;l20:26S-12),
an important sentence was omitted in the affiliations footnote.

The footnote should appear as follows:
From the Department of Otorhinolaryngology-Head and Neck Surgery, College of Medicine, Konkuk

University (Kim, Hong, Cho), the Department of Social Studies Education, Graduate School, Seoul National
University (J. H. Lee), and the Department of Otorhinolaryngology-Head and Neck Surgery, College of
Medicine, Korea University (S.-H. Lee), Seoul, Korea. This work was supported by Konkuk University
Medical Center Research Grant 2009. Authors Jin Kook Kim and Ji Hye Lee were equal contributors to this
work.

We regret the omission.
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