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VOCAL CORDS

Vocal Cords (Vocal Folds)

Primary Disciplinary Field(s): Anatomy, Physiology, Otolaryngology, Linguistics, Acoustics.

1. Core Definition and Terminology

The structure commonly referred to as the vocal cords, or more accurately the vocal folds (Plicae
vocales), represents a pair of complex tissue folds situated within the larynx, or voice box. These
structures are critical components of the human respiratory and phonatory systems, residing
superiorly to the trachea and inferiorly to the pharynx. The primary function of the vocal folds is the
generation of sound--a process known as phonation--which is essential for speech, singing, and
non-verbal communication such as coughing and clearing the throat. When air is forcefully expired
from the lungs, it passes through the narrow aperture between the folds, known as the glottis,
causing the tissue to vibrate rapidly and creating acoustic energy.

The term "vocal cords" remains popular in colloquial language, particularly when discussing vocal
health or disorders, as referenced by the observation that "Popular music artists often suffer from
strained vocal cords." However, anatomists and speech pathologists favor the designation vocal
folds because the structure resembles flexible folds of mucous membrane and muscle rather than
simple fibrous cords. The sophisticated, layered composition of the folds allows for intricate
movements and adjustments necessary to produce the vast range of human vocalizations,
including subtle variations in pitch, volume, and timbre.

2. Anatomy and Layered Structure

The vocal folds are not homogenous structures; they consist of five distinct layers that contribute
synergistically to their vibratory capabilities and protective functions. This stratification is crucial for
maintaining the flexibility and resilience required to withstand the physical stresses of constant
vibration. The outermost layer is the squamous epithelium, which provides a thin, protective
barrier and is essential for maintaining the fold's hydrated state. Beneath this protective layer lies
the lamina propria, which is subdivided into three critical sections distinguished by their density
and elasticity.

The superficial layer of the lamina propria is frequently termed Reinke's space. This layer is highly
gelatinous, loose, and pliable, enabling the mucosal wave--the ripple effect across the surface of
the folds--that is the hallmark of healthy phonation. Damage or swelling within Reinke's space is
often the cause of vocal pathology. The intermediate layer is composed primarily of elastic fibers,
providing stretchability, while the deep layer consists mainly of collagen fibers, providing necessary
structure and support. Together, the intermediate and deep layers form the vocal ligament, which
anchors the fold anteriorly to the thyroid cartilage and posteriorly to the arytenoid cartilages.
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Deepest within the fold lies the fifth and most substantial layer: the vocalis muscle. The vocalis
muscle is the medial portion of the thyroarytenoid muscle, and it provides the bulk and tension
regulation for the vocal fold. Contraction and relaxation of this muscle allow for fine-tuning of
stiffness and thickness, directly influencing the fundamental frequency (pitch) of the resulting
sound. This intricate layered architecture ensures that while the muscle provides active control
over tension, the pliable mucosal layers are free to vibrate passively due to aerodynamic forces,
allowing for efficient and complex sound production.

3. Physiology of Phonation and the Bernoulli Effect

Sound production via the vocal folds is a remarkable example of aerodynamic-myoelastic
interaction. Phonation begins with the respiratory system providing a sustained column of air
pressure below the glottis, known as subglottal pressure. The intrinsic laryngeal muscles then
adduct (bring together) the vocal folds, closing the glottis and trapping the subglottal air. As the
pressure builds, it eventually forces the folds apart, releasing a puff of air into the vocal tract.
However, the mechanism that brings the folds back together rapidly after each separation is the
most distinctive aspect of voice production.

The immediate recoil of the folds is achieved through two primary forces working in concert. First,
the elasticity of the tissue itself--specifically the vocal ligament and mucosal layers--causes them
to snap back toward the midline. Second, and crucially, the Bernoulli effect plays a dominant role.
As the air rushes quickly through the constricted glottal opening, the velocity of the airflow
increases significantly. According to the Bernoulli principle, an increase in fluid velocity
corresponds to a drop in pressure perpendicular to the flow. This sudden negative pressure within
the glottis pulls the folds inward and downward, facilitating rapid closure.

This cycle of opening and closing--driven by subglottal pressure overcoming muscular tension,
followed by elastic recoil and the Bernoulli effect drawing the folds back--repeats hundreds of times
per second. The frequency of this oscillation determines the perceived pitch of the voice. For an
adult male, typical speaking frequency ranges from 100 to 150 Hz (cycles per second), while an
adult female typically ranges from 180 to 250 Hz. The resulting sound is a complex periodic
waveform that is then filtered and shaped by the rest of the vocal tract (pharynx, mouth, and nasal
cavity) to form recognizable vowels and consonants.

4. Laryngeal Musculature and Control

The precise control over vocal fold movement, tension, and length is managed by a sophisticated
system of intrinsic and extrinsic laryngeal muscles, all innervated by the Vagus nerve (Cranial
Nerve X). Intrinsic muscles are responsible for altering the position, shape, and tension of the
vocal folds themselves, directly influencing pitch and loudness. These include the posterior
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cricoarytenoid muscle (the only abductor, responsible for opening the glottis for breathing), the
lateral cricoarytenoid muscle (the primary adductor), and the interarytenoid muscles (which assist
in closing the posterior glottis).

Two intrinsic muscles are particularly crucial for fine-tuning the acoustic output. The cricothyroid
muscle is the primary pitch regulator; when it contracts, it tilts the thyroid cartilage forward,
stretching and thinning the vocal folds. This elongation increases the tension, leading to a higher
fundamental frequency and a raised pitch. Conversely, the thyroarytenoid muscle (which
includes the vocalis muscle) acts to shorten and thicken the folds, decreasing tension and resulting
in a lower pitch or increased bulk for louder phonation.

Extrinsic muscles, while not directly attached to the vocal folds, connect the larynx to surrounding
structures (such as the hyoid bone, sternum, and skull) and are responsible for elevating or
depressing the entire laryngeal framework. Movements of the larynx as a unit affect the resonance
characteristics of the vocal tract. For instance, lowering the larynx can deepen the perceived tone,
a technique often employed by singers to achieve greater vocal power and depth. The coordinated
action of both intrinsic and extrinsic groups allows humans unparalleled control over vocal output,
enabling complex emotional expression and linguistic nuance.

5. Pathology and Common Disorders

Given the high velocity and frequency of vibration--the folds strike each other thousands of times
every minute during continuous speech--they are susceptible to injury and inflammatory conditions.
Vocal fold disorders often manifest as dysphonia, or difficulty speaking, characterized by
hoarseness, breathiness, or a reduced vocal range. These issues are frequently observed in
professional voice users, such as teachers, singers, and actors, who place extreme demands on
the phonatory system.

One of the most common pathologies linked to vocal abuse, overuse, or misuse is the formation of
vocal fold nodules, often referred to as "singer's nodules" or "screamer's nodes." These are
small, bilateral, callous-like swellings that develop typically at the junction of the anterior and
middle thirds of the vocal folds due to repeated traumatic collisions. Their presence prevents
complete glottal closure, leading to a breathy, strained voice quality. Similarly, vocal fold polyps
and cysts may develop, usually due to a single, acute vocal trauma (e.g., yelling) or chronic
irritation, though these are typically unilateral and require different management strategies.

Other serious disorders include vocal fold paralysis or paresis, often resulting from damage to the
recurrent laryngeal nerve, which controls most of the intrinsic muscles. Paralysis can leave one
fold fixed in a position, causing significant difficulty in both breathing and speaking. Furthermore,
conditions like laryngitis (acute inflammation, often viral) or chronic exposure to irritants (e.g.,
smoking, reflux) can cause swelling in Reinke's space (Reinke's edema), drastically lowering the
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pitch and causing a deep, gravelly voice. Effective management of these conditions typically
involves vocal rest, therapy, and sometimes surgical intervention (microlaryngeal surgery) to
restore normal vibratory function.

6. Role in Language and Speech

The ability of the vocal folds to control air flow is paramount to linguistic structure. Linguistically,
sounds are classified based on whether the vocal folds are vibrating, a characteristic known as
voicing. Voiced sounds, such as the vowels and consonants like /b/, /d/, and /g/, require the vocal
folds to be adducted and vibrating during articulation. Conversely, voiceless sounds, such as /p/,
/tl, and /k/, are produced when the glottis is open and the air flows unimpeded, relying only on
obstructions further up the vocal tract.

Furthermore, the vocal folds dictate the range of vocal registers available to speakers and
singers, which refer to specific modes of fold vibration that produce unique sound qualities. The
primary registers include the modal register (used for normal speaking and singing), the falsetto
register (where only the edges of the folds vibrate, producing a high, airy sound), and the vocal
fry or pulse register (characterized by low frequency and loose, popping vibrations). Mastery over
these registers is essential for complex musical performance and allows for profound variations in
expressive communication.

7. Etymology and Historical Study

The anatomical structure of the larynx and its function in sound production have been subjects of
inquiry since antiquity. Early descriptions of the larynx were offered by figures such as Galen, but a
true understanding of their role in voice generation was limited until the Renaissance. The term
"vocal cords" itself arose from the visual similarity of the structures, as seen through early
dissection, to taut, string-like cords, suggesting a passive, stringed instrument analogy for voice
production.

The 19th century brought significant advancements in laryngeal study, notably with the invention of
the laryngoscope by Manuel Garcia in 1854. This device allowed physicians and researchers to
observe the vocal folds in a living patient during phonation for the first time. These observations
decisively demonstrated that the structures functioned less like passive cords and more like active
folds of tissue with complex, undulating wave motions, leading to the gradual adoption of the
preferred term, vocal folds, in modern phonetics and anatomy. The shift in terminology reflects a
deeper, more accurate understanding of the biomechanical process of phonation, emphasizing the
mucosal wave action over simple cord-like tension.
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8. Further Reading

Vocal Tract (Wikipedia)
Acoustics (Wikipedia)
Bernoulli's Principle (Wikipedia)
Cricothyroid Muscle (Wikipedia)
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