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Copyright © 2014 Andréa Aparecida Ferreira Pascoal et al. This is an open access article distributed under the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.

The importance of the recurrent laryngeal nerve in surgery on the anterior region of the neck has motivated many published
papers on critical points of its pathway, relationship with the inferior thyroid artery, penetration in the larynx, division outside the
larynx, and branches communicating with the internal branch of the superior laryngeal nerve.We analyze the terminal branches of
the recurrent laryngeal nerve and their distribution through the laryngeal muscles. 44 laryngeal nerves had been dissected. Most
frequently, the recurrent laryngeal nerve presents a division below or at the level of the lowermargin of the cricoid cartilage (outside
the larynx). One of these branches forms the communication with the internal branch of the superior laryngeal nerve, and the other
penetrates the laryngeal space. Above the lowermargin of the cricoid cartilage, the inferior laryngeal nerve issues a variable number
of branches to muscles (3 to 7): to the posterior cricoarytenoid muscle; to the oblique and transversal arytenoid muscles; and to the
lateral cricoarytenoid muscle and the thyroarytenoid muscle.

1. Introduction

The anatomy of the recurrent laryngeal nerve is important
in medical practice applications [1] and surgery [2, 3]. Nerve
injuriesmay occur in interventions performedon the anterior
cervical region [4, 5], particularly during thyroidectomy [6–
12] or parathyroidectomy [13–15]. Such injuries result in
speech, breathing, and swallowing disorders [16], causing
health and behavioral disorders.

Because of its variability, it is increasingly important
knowing the anatomy of the recurrent laryngeal nerve [14, 17–
19]. One controversial matter hotly debated by scientists and
anatomists [3] concerns the levels at which nerve divisions
occur [20–27], along with the nature [10, 19, 28–30] and
destination of such branches [22, 31, 32]. Clarification of such
issues is essential, since the clinical picture varies according
to the injured branch [33].

Despite awareness of the importance of studying this
nerve, anatomists and surgeons confront with controversies
and doubts [17, 30, 34–36] in the literature available. Better
understanding of the anatomy of the recurrent laryngeal

nerve and its terminal branches would also help fit the basis
for establishing techniques for reinnervation of the larynx
following recurrent laryngeal nerve injury [4, 37, 38].

The objective of the research is to analyze the terminal
branches of the recurrent laryngeal nerve and its distribution
among the muscles of the larynx.

Our hypothesis is as recurrent laryngeal nerve has great
clinical importance in general, however, there are many
controversies in the literature on its terminal branches; it is
expected that a more detailed description of these branches
can answer these questions and assist in clinical medicine.

2. Material and Methods

Our sample was part of the Anatomy Laboratory of the
Federal University of São Paulo andwas composed of twenty-
two larynges from adult individuals of both sexes; all these
specimens had been fixed in 10% formalin. Their excision
had included the pharynx, tongue, hyoid bone, infrahyoid
muscles, and upper parts of the esophagus and the trachea.

Hindawi Publishing Corporation
Advances in Anatomy
Volume 2014, Article ID 858539, 5 pages
http://dx.doi.org/10.1155/2014/858539



2 Advances in Anatomy

Both sides of the nerves were dissected, thus totaling 44
recurrent laryngeal nerves for analysis.

Firstly, the posterior pharyngeal/esophageal wall was
dissected in order to make it possible to expose the anterior
wall and reach the recurrent laryngeal nerve in the opening
between the esophagus and the trachea. Using a magnifying
glass, which increased 3x the size of the structure, the nerve
was dissected lengthwise and the branches were identified
and followed until their terminations inside the muscles and
the mucosa. After dissection, measurements were made with
a digital meter in order to establish the relationship between
the extralaryngeal division and the lower margin of the
cricoid cartilage and between the intralaryngeal branches and
the lateralmargin of the cricoid cartilage, whichwas classified
as upper, middle, and lower thirds for this purpose.

The chi-square test was used in the statistical analysis,
with the purpose of correlating the variables, being the
significant value of 𝑃 < 0.05.

3. Results

3.1. Division of the Recurrent Laryngeal Nerve below or
at the Level of the Lower Margin of the Cricoid Cartilage
(Extralaryngeal Division). In 31 cases (70.5%), the recurrent
laryngeal nerve bifurcated below (75%) or at the level of the
lowermargin (25%) of the cricoid cartilage, thus giving rise to
the inferior laryngeal nerve and the branch communicating
with the internal branch of the superior laryngeal nerve. The
locations of the branches below the margin were between 1
and 10mm (48%) or between 11 and 20mm (43%) from the
lower margin of the cricoid cartilage. Considering this refer-
ence point for repair as the boundary between the recurrent
laryngeal nerve and its inferior laryngeal branch, the inferior
laryngeal nerve was the extension of the recurrent laryngeal
nerve in the other 13 cases (29.5%). No significant differences
in lateral characteristics were found.

3.2. Number of Branches of the Inferior Laryngeal Nerve above
the Lower Margin of the Cricoid Cartilage (Intralaryngeal).
In the area of the larynx, the inferior laryngeal nerve was
found to issue between three and seven branches and most
often issued four to five branches (75%). The branch that
communicates with the internal branch of the superior
laryngeal nerve was among these branches when the origin
of the superior laryngeal nerve was above the lower margin
of the cricoid cartilage.

3.3. Branches to the Posterior CricoarytenoidMuscle (Figure 1).
The posterior cricoarytenoid muscle was directly innervated
by the inferior laryngeal nerve and was found to receive one
(52.3%) or two (36.4%) branches emerging from the trunk
at the lateral margin of the cricoid cartilage. Although we
found that one branch tended to be located on the right side,
the statistical calculation showed no significant difference.
Dividing the lateralmargin of the cricoid cartilage into thirds,
we noticed that the origin of these branches to the muscle
was in the lower third (44.1%) or the middle third (49.2%).
In three cases (6.8%), the presence of a branch shared by

Figure 1: (a) Inferior laryngeal nerve; (b) (large arrow) a branch
of inferior laryngeal nerve to posterior cricoarytenoid muscle; (c)
posterior cricoarytenoid muscle; (d) a branch to arytenoid muscle
(oblique and transversal) and to laryngeal mucose.

the posterior cricoarytenoid and oblique and transversal
arytenoid muscles was noticed.

3.4. Branches to the Oblique and Transversal Arytenoid Mus-
cles. The oblique and transversal arytenoid muscles were
directly innervated by the inferior laryngeal nerve and
received a single branch (90.7%) or two branches (9.3%).
After detaching from the recurrent laryngeal nerve, they
passed between the cricoid cartilage lamina and the posterior
cricoarytenoid muscle. Using the same criteria used to locate
the origin of the inferior laryngeal nerve, we found that the
origin of this branch is from the upper third (42.5%) or the
middle third (44.7%) of the lateral margin of the cricoid
cartilage. After penetrating the muscle, the branch divided
into two (45.6%) or three (39.1) smaller branches.

3.5. Branches to the Lateral Cricoarytenoid and Thyroary-
tenoid Muscles (Figure 2). More often (86.4%), the lateral
cricoarytenoid and thyroarytenoid muscles received a single
branch, while less often they received two branches emerging
from the inferior laryngeal nerve, in the upper third (50.0%)
or themiddle third (40.9%) of the lateralmargin of the cricoid
cartilage. After penetrating the thyroid arytenoid muscle, the
branch that went to this muscle issued two (36.0%), three
(26.0%), or several (26.0%) small branches.

4. Discussion

4.1. Division of the Recurrent Laryngeal Nerve below or at the
Level of the LowerMargin of the Cricoid Cartilage (Extralaryn-
geal Division). Division of the recurrent laryngeal nerve into
two or three branches before penetrating the area of the lar-
ynxwas already known and its occurrence has varied between
different studies. The frequency of division absence within
the lower margin has been reported to be 78% [20], most
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Figure 2: (a) Inferior laryngeal nerve; (b) lateral cricoarytenoid
muscle; (c) a branch of inferior laryngeal nerve to the lateral
cricoarytenoid muscle; (d) thyroarytenoid muscle; (e) terminal
portion of the inferior laryngeal nerve to the thyroarytenoidmuscle.

cases [8], 30% [33], 73% [21], 100% [3, 23, 28, 30], 70% [17],
15% [22, 29], 43% [34], usually [8], 41.2% [18], 65% [14], 58%
[10], 87% [27], and 65% [12, 14].

In order to explain vocal fold paralysis relating to
abduction or adduction, some authors [8, 20, 33] considered
the nerve branches to be motor branches for abduction or
adduction or mixed branches [17]. It is now known that they
are sensitive and motor branches [3, 22–24, 26, 28].

This division has been reported in the literature: in
Nguyen et al. [27], with division occurring up to 1 cm from
the margin (54%), between 1 and 2 cm from it (42.5%), or
more than 2 cm from it (7%); in Salama, up to 2 cm (96%);
in Nemiroff and Katz [18], up to 1.7 cm (43.5%) or from 1.8
to 2.3 cm (38,1%); in Katz [10], between 0.6 and 4 cm; in
Williams [28], up to 2.5 cm; and in Steinberg et al. [30],mostly
at 2 cm. We found that the division occurred between 0.01
and 0.1 cm (48%) or between 0.11 and 0.20 cm (43%) from the
lower margin of the cricoid cartilage in our material.

4.2. Branches to the Posterior Cricoarytenoid Muscle. Nguyen
et al. [27] classified the innervation of the posterior cricoary-
tenoid muscle into three types. In type I, occurring in 66.6%,
the muscle received one branch that could be single (53.4%),
be bifurcated (6.6%), or be trifurcated (6.6%) and its origin
is in the lower three-quarters of the inferior horn of the
thyroid cartilage. In type II, occurring in 26.7%, the muscle
received two branches, and the superior nerve and the branch
could join together to the arytenoid muscles (6.7%). In type
III, in 6.7%, there were three single branches (5%) or one
branch joined to the branch to the arytenoid muscles (1.7%),
our results thus confirming the results obtained by Nguyen
et al. The number of branches has varied between different
studies. Mu et al. [32] and Freche and Boudin [19] reported
one branch, Laux and Guerrier [35] found one branch that
could be double, Sanders reported one or two branches, with
one of them joined to the branch to the arytenoid muscles,

Hiroto et al. [24] found two to three branches, and Winckler
[31] mentioned two branches.

The origin of these branches was in the lower third
(44.1%) or the middle third (49.2%) of the lateral margin of
the cricoid cartilage. Eller et al. [39] found an average of three
to four branches to the muscle (range from one to eight):
two or three directly from the anterior division of the nerve
and one (range from one to three) joined to the branch to
the arytenoid muscles. They used the lower margin of the
cricoarytenoid junction as a reference point to state that the
origin of the first branch was between 3.4 and 4.2mm above
this point and that the last branch originated around 9.5mm
above this point. In our study, we adopted a division of the lat-
eral margin of the cricoid cartilage into thirds (upper, middle,
and lower) as the reference point for branch emission, in
order to avoid measurement errors during dissection.

4.3. Branches to the Oblique and Transversal Arytenoid Mus-
cles. The authors, Laux and Guerrier [35], Hiroto et al. [24],
Mu et al. [32], Sanders et al. [13], Winckler [31], Rueger [26],
and Nguyen et al. [27], agreed that the arytenoid muscles
received a single branch that detached from the upper inferior
laryngeal nerve (near the cricoarytenoid junction) and that
inside the muscle the branch admitted in various ways.
However, according to Freche and Boudin [19], the branch to
the arytenoid muscles is very inconstant, and Nordland [6]
even stated that it was absent. Maranillo et al. [38] found four
to eight branches (average of 5.5) to these muscles, but only
two branches (one on each side) originated from the upper
recurrent laryngeal nerve, and the others originated from the
internal branch of the superior laryngeal nerve. In 88%, the
branch to themuscleswas connected to the branch to the pos-
terior cricoarytenoid muscle and the origin occurred behind
the cricoarytenoid junction (97%).

In our study, the oblique and transversal arytenoid mus-
cles received a single branch (90.7%) or two branches (9.3%)
that moved forward the posterior cricoarytenoid muscle.
These branches originated from two levels: the upper third
(42.5%) or the middle third (44.7%) of the lateral margin of
the cricoid cartilage, taking the reference point of the lower
margin of the cricoid cartilage.

4.4. Branches to the Lateral Cricoarytenoid and Thyroary-
tenoid Muscles. In descriptions of the lateral cricoarytenoid
and thyroarytenoid muscles innervation, Laux and Guerrier
[35], Winckler [31], Freche and Boudin [19], Sanders et al.
[13], Keros and Nemanic [3], Hiroto et al. [24], and Nguyen
et al. [27] agreed that the trunk of the inferior laryngeal
nerve moved forward to form a curve towards these muscles.
At this level, it could penetrate one of these muscles and
issue branches to both muscles, or alternatively, divide into
two branches such that each one would go to one of the
muscles. The branch to the thyroarytenoid muscle ended in
a sort of fan of small branches. In our study, we found similar
innervation and noticed that this change of direction by the
branch (forwards) occurred in either upper third (42.5%)
or middle third (44.7%) of the lateral margin of the cricoid
cartilage. With the aim of resecting the nerve in cases of
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adductor spasmodic dysphonia, Scheid et al. [1] found that
the branch to the muscle was located approximately 4.23mm
above the inferior tubercle in the inferior margin of the
thyroid cartilage and that, in 87.5% of the cases, the division
was into many branches. We found that this division was
into two (36%), three (26%), or several (26%) small branches.
Maranillo et al. [38]mentioned that themuscles could also be
innervated by the internal branch of the superior laryngeal
nerve. Such occurrences were not confirmed in the present
study, although in 18.3% of the cases we noticed commu-
nication between the two nerves laterally to these muscles,
such that the muscle branches came out from this point.
The participation of the internal branch was found to be
proprioceptive, rather than motor. According to Maranillo
et al. [38], in 43.3% of the cases there were three branches
to the lateral cricoarytenoid muscle, which we believe to be
divisions of the branch originating from the recurrent laryn-
geal nerve. According to these authors, the two branches were
joined to both muscles in only 10% of the cases, whereas we
noticed this occurrence in 86.4%, in the present study.

5. Conclusions

In conclusion, very often, the recurrent laryngeal nerve is
divided below or at the level of the lowermargin of the cricoid
cartilage. Above the lower margin of the cricoid cartilage,
the inferior laryngeal nerve can issue a varying number of
branches (3 to 7). The inferior laryngeal nerve issues one or
two branches to the posterior cricoarytenoid muscle, always
in the areas of the larynx and in the lower andmiddle thirds of
the lateral margin of the cricoid cartilage. The inferior laryn-
geal nerve issues one branch to the oblique and transversal
arytenoid muscles, always in the area of the larynx and in the
middle and upper thirds of the lateral margin of the cricoid
cartilage. The inferior laryngeal nerve issues a single branch
to the lateral cricoarytenoid and thyroarytenoid muscles,
always in the area of the larynx and in the middle and upper
levels of the lateral margin of the cricoid cartilage. Thus we
can conclude that the anatomy of the recurrent laryngeal
nerve is quite variable, but the descriptions in this work
are consistent with studies in the literature, thereby assisting
in the medical clinic.
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