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Thyroarytenoid Cross-Innervation by the External Branch of the

Superior Laryngeal Nerve in the Porcine Model

Boris Paskhover, MD; Mikhail Wadie, MD; Clarence T. Sasaki, MD

Objectives/Hypothesis: Cross-innervation patterns to the thyroarytenoid (TA) muscle have long been sought after. We
have identified in the porcine model, cross-innervation by way of the external branch of the superior laryngeal nerve (eSLN).

Study Design: Experimental study.
Methods: TA contraction was electromyographically recorded when electrically stimulating the eSLN in six porcine

necks. The recurrent laryngeal nerve (RLN) was subsequently transected. The insertion of the cricothyroid (CT) muscle on
the cricoid was then subsequently removed as well.

Results: Stimulation of the eSLN rendered a response from the TA muscle in 6/6 subject necks, with a mean latency of 2.76
msec. TA muscle contraction by way of eSLN stimulation persisted after the RLN was transected and after CT insertion release.

Conclusions: The TA muscle is directly cross-innervated by a branch of the eSLN in the porcine model. This finding may
have implications regarding possible future laryngeal pacing strategies and could be a target nerve for rehabilitation.
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INTRODUCTION
In 1932, Fred Lemere wrote, “Certain problems of

anatomy and laryngology make a reopening of the prob-
lem of laryngeal muscle innervation especially pertinent
at this time.”1 The first line of his article discussing the
innervation of the larynx continues to be applicable
more than 80 years later. Laryngeal innervation pat-
terns have been disputed in the past, and every so often,
the surgeon-scientist’s proclivity to continue the search
for answers leads to new discoveries. Classically, all of
the intrinsic muscles of the larynx are controlled by the
recurrent laryngeal nerve (RLN), except for the cricothy-
roid (CT) muscle, which is innervated by the external
branch of the superior laryngeal nerve (eSLN).2,3 The
importance of delineating the innervation patterns
relates not just to voice production, but to the basic pro-
tective aspects of the larynx. Identifying a target that
may help augment vocal cord adduction in a protective
sense continues to motivate our laboratory.

Without neurophysiologic confirmation, Sanders
et al., in the early 1990s, showed in four human laryn-
geal specimens using Sihler’s stains, that an extension
of the eSLN led to the thyroarytenoid (TA) muscle.4 This
was further supported by Wu et al. demonstrating in
their study that 12 out of 27 human larynges contained
an extension of the eSLN that exited the medial surface
of the CT muscle and ultimately entered the lateral sur-
face of the TA muscle.5 In 1997, Nasri et al. confirmed
in the canine model that the eSLN ultimately lead to
the TA muscle in 3/7 animals by ways of retrograde
microdissection and electrical stimulation.6 They also
noted that the majority of the activity appeared to be
along the anterior third of the TA muscle, but some pos-
terior activity was appreciated as well. Last, Bj€orck
et al. published in 2012 a study regarding their experi-
ences in the porcine model. They reported a dual inner-
vation pattern to the TA muscle with electromyographic
confirmation from what they referred to as the laryngeal
nerve plexus.7 Specifically, they noted the eSLN compo-
nent and its contribution to TA muscle contraction. To
the best of our knowledge, no further work isolating the
eSLN in the porcine model has been completed, a model
known for its similarity to the human larynx. 8

MATERIALS AND METHODS
Experiments were carried out in six Yorkshire male pig

necks. To optimize efficiency, we were able to perform each
experiment independently on each side. The animals were
approximately 3 months old, and their weights ranged from 20
to 30 kg. The porcine model was selected because of its ana-
tomic and neurophysiologic resemblance to the human.9,10 Keta-
mine hydrochloride (30 mg/kg), xylazine hydrochloride (2.2 mg/
kg), and telazol (4.4 mg/kg) were injected intramuscularly as
induction agents. General anesthesia was then provided with
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isoflurane inhalation via a nose cone. Subsequently, a tracheot-
omy was performed through a midline neck incision, and a 6-
mm inner diameter endotracheal tube was inserted as the route
of inhalational anesthesia. The endotracheal tube was then
secured to the skin using a stay suture. The depth of anesthesia
was maintained at a minimum alveolar concentration of <1.0
during the procedure, without use of pharmacologic muscle
relaxation. Body temperature was controlled at 38�C using an
external heating pad.

Under aseptic technique, a midline skin incision was
extended from the hyoid bone to the sternal notch. The eSLN
was identified on its course to the CT muscle. The RLN was
subsequently identified on its course in the tracheoesophageal
groove to the CT joint. The thyroid cartilage was then partially
removed to allow both vocal cords to be visualized.

The XLTEK Neuromax (Natus, San Carlos, CA) was
used to stimulate the target nerves and to record electromyo-
graphic waveforms. A monopolar recording electrode was
inserted into the midportion of the ipsilateral TA muscle. A
reference electrode and ground electrode were positioned in
the subcutaneous tissue at the skin incision. All subjects then
underwent initial stimulation of the eSLN and the RLN
nerves with a bipolar, dual-needle electrode to identify TA
muscle contraction. To avoid ground circuit and artifact, each
nerve floated freely on mineral oil-soaked pledgets. Stimulus
presentation to the eSLN and RLN in early inspiration began
at 0.1 mA as a single pulse and continued up to 20 mA. The
applied stimulus intensity was increased until contraction of
the TA muscle was identified by electromyography. Once con-
traction of the TA with stimulation of the eSLN was identi-
fied, the latency, duration, amplitude, and voltage needed was
recorded. The RLN was then selectively transected with a #15
blade. Stimulation of the eSLN was then repeated and con-
firmed. The CT muscle’s attachment on the cricoid cartilage
was then carefully transected to eliminate a possible stretch
evoked response. Last, the eSLN was transected, and its dis-
tal branch was stimulated to ensure the path of the neural
stimuli. The latency, duration, amplitude, and voltage needed
were recorded throughout the procedure, in addition to each
recording being repeated six times to ensure reproducibility.
Figures 1 and 2 depict the anatomical dissection and electrode
placement.

The Guide for the Care and Use of Laboratory Animals
and the Animal Welfare ACT (7 U.S.C. et seq.) were followed;
animal use protocol was approved by the Institutional Animal
Care and Use Committee of Yale University.

RESULTS
TA muscle contraction was identified in 6/6 experi-

mental necks during individual stimulation of both the
intact RLN and eSLN. Stimulation of the eSLN led to
TA muscle contraction with an average latency of 2.76
msec, duration of 1.79 msec, and amplitude of 0.40 mV,
with an average 2.27 mA needed for contraction. We
were then able to identify persistent contraction of the
TA muscle after RLN transection and CT muscle attach-
ment release in all subjects. Last, we continued to iden-
tify TA contraction during the distal branch of the eSLN
stimulation with an average latency of 2.75 msec, dura-
tion of 1.85 msec, and amplitude of 0.44 mV, with an
average 2.27 mA needed to initiate a response.

DISCUSSION
In the porcine model, we have shown that electrical

stimulation of the eSLN led to ipsilateral TA muscle con-
traction that persisted after RLN transection. Two
options exist that help to explain the possible path of
the neural impulse from the eSLN to the TA muslce. In
the human larynx, multiple authors have shown the

Fig. 1. Image depicting the ipsilateral recurrent
laryngeal nerve (RLN) and external branch of the
superior laryngeal nerve (eSLN) along with a por-
cine larynx with exposed vocal cords. The ipsilat-
eral recording electrode is shown, and a direct
view of the glottis can be obtained from the head
of the operating table. [Color figure can be
viewed in the online issue, which is available at
www.laryngoscope.com.]

Fig. 2. Image taken from the lateral view showing the transected
recurrent laryngeal nerve (RLN) and the isolated external branch
of the superior laryngeal nerve (eSLN). [Color figure can be viewed
in the online issue, which is available at www.laryngoscope.com.].
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presence of a communicating nerve located deep to the
CT muscle between the eSLN and RLN.4,11,12 Others
have shown what appears to be a distal branch off of the
eSLN heading directly to the TA muscle.5,6 Regardless of
the path, the impulse is propagated from the eSLN to
the TA muscle, be it by way of a branch connecting to
the RLN on its way to the TA muscle or directly to the
TA muscle. It is clear that the eSLN plays a larger role
in vocal cord adduction than previously thought.
Because iatrogenic RLN injury occurs commonly within
the final 2 cm of the extralaryngeal course of the
nerve,13 both of these neural pathways should persist
after iatrogenic RLN injury.

With this in mind, the eSLN may stand as a good
target for vocal cord adduction modulation. Two distinct
patient populations may benefit from possible eSLN
modulation, one being the iatrogenic RLN injury group
and the other being a subset of patient’s with a weak-
ened glottic closure reflex. Luckily for the iatrogenic
RLN injury patients, increasing attention is being paid
to preserving and identifying the eSLN during thyroid
surgery.14 Being able to dynamically augment TA and
CT muscle contraction during voice production through
eSLN stimulation could help vocal production.

More interestingly, for our laboratory, another ben-
efit of the eSLN modulation is the fact that it could be
used in patients with intact RLN who have an intact
voice but a weakened glottic closure reflex due to other
causes. Stimulation of the eSLN could help augment
the glottic closure reflex by causing TA muscle contrac-
tion during swallowing, with no permanent effect on
voice production. For this patient subset, identifying
the glottic closing force obtained during eSLN stimula-
tion is essential, because electromyographically
recorded responses show the electrical component of
movement, and the glottic closing force is a measure-
ment of the amount of force applied when the vocal
cords adduct. Although these possibilities remain

exciting, significant work needs to be accomplished to
one day achieve them.

CONCLUSION
A collection of evidence now exists that supports

the eSLN’s role in TA muscle contraction. The next step
involves identifying its effect on glottic closing force and
developing strategies for its rehabilitative modulation.
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