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Summary. Aim: This article attempts to describe the aging process of the vocal folds and the main features of 
the aged voice. Background: In the world ageing population era, aging diseases and aging disorders are crucial. 
Voice disorders (presbyphonia) are common in the elderly and have a significant impact on communication 
and quality of life. Some of these disorders depend on the vocal folds, which consist of an extracellular matrix 
(ECM), fibrous proteins, interstitial proteins, and glycosaminoglycans. The density and spatial arrangement 
of these elements are important, as changes in their deposition can alter the biomechanical properties and 
vibratory function of the vocal folds. Discussion: The aging voice process is analyzed in detail from mechanical 
factors like pulmonary bellows alteration, to hormonal factors and life style. Conclusions: The elderly people 
undergoe mechanical, anatomical and functional changes: alterations of the pulmonary bellows, systemic 
changes like hormonal disregulation, and laryngeal changes, that resulting in hoarseness, which is difficult to 
treat. (www.actabiomedica.it)
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Background

Age-related vocal fold’s alterations in the deposi-
tion of extracellular matrix (ECM) have been reported 
in humans, including excessive accumulation of col-
lagen, dense collagen bundles, reduced elastin, and 
decreased hyaluronic acid (HA), and it has been sug-
gested that the vocal folds undergo an age-dependent 
slowdown in the synthesis and degradation of colla-
gen strictly related to a slowdown in the expression of 
genes coding for the matrix and degrading enzymes. 
The result is the over accumulation of ECM collagen 
observed in elderly humans vocal folds (1, 2).

Many factors influence the changes in voice that 
occur throughout life: changes in the volume and 
shape of the vocal tract and rib cage, steroid hormones, 
the biochemical-histological morphology of the vocal 
fold, and many other circumstantial factors. 

This article attempts to describe the aging process 
of the vocal folds and the main features of the aged 
voice. 

Discussion

Alterations of the pulmonary bellows

The rib chest is a group of structures whose 
main role is to allow gaseous exchange between air 
and blood and only secondarily produce the air flow 
needed for phonation. The pulmonary bellows is made 
up of many structures, in particular the thorax skel-
eton, with its twelve dorsal vertebrae, the ribs and the 
sternum; the main inspiratory muscles (diaphragm, 
external intercostal muscles), the secondary inspira-
tory muscles (sternocleidomastoid muscle, scalene 
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muscles); the expiratory muscles (internal intercostal 
muscles, abdominal muscles) and of course the lungs. 
During respiratory acts the ribs and sternum perform 
complex movements with two components: one verti-
cal and one horizontal. During inspiration the upper 
part of the thorax elevates and the lower part expands 
(Fig. 1).

Elderly people often lean forward (elderly person’s 
cyphoscolosis) and the respiratory muscles are weaker. 
In this case, the rib chest and the spinal column are 
modified (cyphoscoliosis) and the lung bellows is 
weaker. Overlapping comorbidities like Chronic Ob-
structive Pulmonary Disease and emphysema can also 
contribute to a deficit in the airflow necessary for good 
speech. These factors lead to reduced efficiency of the 
bellows breathing, which, in the elderly, leads to the 
phenomenon known as phonasthenia (3).

Changes in the vocal tract

Changes in the vocal tract throughout life play 
a very significant role in the voice’s aging process. In 
infants, the larynx is high-lying and this allows the 
epiglottis and soft palate to overlap and the pharyn-
geal lumen to open directly in the nasopharynx; the 
larynx is intranarinal. This anatomy allows sucking and 
breathing simultaneously. An infant’s nasal breath-
ing and swallowing occurs only in a “safe” part of the 
breathing-swallowing cycle. 

At this stage of life, nutrition and breathing are 
the main purpose of human beings and communica-
tion is nonverbal; facial expressions and crying being 
the main performances. The vocal tract is not com-
pletely developed and phonemes are articulated in a 
very rudimentary way. In the infant the protection 
of the airway is further enhanced by the shape of the 
epiglottis, by the aryepiglottic-folds, by their thickness 
and by the introversion of the epiglottis to the glottic 
level of the arytenoids.

The oropharynx begins to increase in volume at 
two years of age. The descent of the hyoid-mandibular 
complex coincides with the eruption of the deciduous 
teeth, expression of the maturation of the complex 
mechanisms for coordination of the neuromuscular 
control of swallowing, and coincides with the begin-
ning of the spoken word.

In adult humans, unlike in infants, the airway 
and the digestive tracts are not completely separated, 
but intersecting, so it is necessary to close the larynx 
during swallowing and achieve perfect neuromuscu-
lar coordination of the swallowing mechanism. Verbal 
expression becomes predominant and it has probably 
influenced the shape and position of the larynx and 
vocal tract, from an evolutionary point of view (4) 
(Fig. 2).

In the elderly, the vocal tract undergoes further 
significant changes: the nose falls, teeth can be miss-
ing, and there is often weight gain with the accumula-
tion of fat in the neck and in the parapharyngeal space. 

Hormonal changes

Hormonal changes can profoundly influence the 
aging voice. The voice is a secondary sexual character-
istic, influenced by sex hormones. Their concentrations 
have a crucial impact on phonation and on the mor-

Figure 1. Expansion to “pump handle” and “bucket handle” Figure 2. Larynx in childhood and adult larynx
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phology of the human larynx, in which a significant 
number of receptors for these hormones can be found 
(5). The phono-articulatory function should be con-
sidered an integrated system: neurological, motor and 
psychological, involving the larynx and the vocal tract, 
and within this system, sex hormones play a pivotal 
role (6). The human voice is characterized by two inde-
pendent acoustic components, both influenced by the 
hormonal balance: the Fundamental frequency (F0), 
determined by the vibration of the vocal folds, and 
Formant frequencies (or resonant): determined by the 
size and shape of the vocal tract.

In post-menopausal women, estrogen levels fall 
and androgen levels increase relatively; this leads to an 
increase in the thickness of the vocal cords, which in 
turn leads to a deeper tone of voice: refered to as virili-
zation of the voice (7). After menopause, the agility in 
speech decreases and the breaks increase: the speech is 
slower. This phenomenon is called verbal diadochoki-
nesis and seems to be closely linked to neurophysio-
logical, metabolic and structural mechanisms associat-
ed with the decrease of estrogen, and it improves with 
hormone replacement therapy (6). These phenomena 
do not necessarily make the voice less pleasant.

A complementary phenomenon occurs in men 
when the male andropause occurs after a fall in the 
level of androgens and a relatively rise in the estrogen/
androgen ratio with consequent thinning of the vocal 
folds; the vocal timbre becomes more acute and femi-
nization of the voice occurs (8). In the male, the funda-
mental frequency of the voice is “a call” to the female, 
but also an “alert” for rivals; in both cases it is a “signal” 
of the physical-reproductive features of the subject and 
then plays the role of a secondary sexual characteristic.

Before puberty there is little difference between 
male and female voices. During puberty, the male and 
female larynxes undergo changes that stabilize differ-
ent patterns that affect the F0 (the average F0 in an 
adult man is about 100 Hz, while that in an adult 
woman is about 213 Hz, Figure 3). In old age, the 
climacteric and menopause tend to reduce the differ-
ences between the sexes. It has been shown that the 
correlation between blood levels of testosterone and 
F0 is very significant. This finding emphasizes the im-
portance of testosterone in the development of the 
male larynx. On the other hand, the vocal tract, which 

determines the formant frequencies, seems to be more 
influenced by other factors, such as Growth Hormone 
(GH) (6).

Circumstantial factors

The main circumstantial factors that influence the 
aging process include lifestyle, especially smoking (3-4 
benzopyrene, anthracene and other hydrocarbons), al-
cohol abuse, diet (folate deficiency), the workplace (in-
halation of irritating dust-gas-vapors), certain diges-
tive diseases (pharyngolaryngeal reflux/gastroesopha-
geal reflux), some general and local-regional diseases 
(chronic laringopathy), infectious causes (HPV, HIV, 
chronic candidiasis) and thesaurismosis (amyloidosis).

Changes in the histological-biochemical morphology of the
vocal fold

Changes in histological-biochemical morphology 
of the vocal fold play a crucial role in the development 
of presbyphonia, and the maculae flavae seem to be 
mainly responsible for these variations (9). The macu-
lae flavae are dense masses of cells and extracellular 
matrix that are located at the anterior and posterior 
commissures. The cellular component consists of stel-
late cells (immature) and fibroblasts. The extracellular 
component is made up of protein fibrils: collagen fib-
ers, reticular and elastic, glycoproteins and hyaluronic 
acid (HA) (10). HA plays a biomechanical role tied to 
the three-dimensional arrangement of its macromol-

Figure 3. Fundamental frequencies are very different in male 
and females during reproductive life, but they are very similar in 
childhood and old age ( non reproductive life)
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ecules; it forms large macromolecular aggregates in a 
large porous mesh. The pores of HA contain fibrous 
proteins, collagen and elastic fibers. HA is concen-
trated in the middle layer of the lamina propria and in 
particular at the lower face of the vocal cord (infrafold 
area). This structure damps down the vibratory vocal 
fold and protects it from trauma caused by the forcefull 
expulsion of air necessary for phonation. Its presence 
is strongly affected by vitamin A, stored in stellate cells 
(11). The stellate cells of children constantly synthe-
size extracellular matrix, which is essential for the vis-
coelastic properties of the lamina propria of the future 
adult, and become fibroblasts.

The maculae flavae in infants, although immature, 
are crucial structures for the growth and development 
of the vocal ligament. In the infant, the maculae flavae 
produce collagen and elastic fibers to create an imma-
ture ligament. In children, the fibroblasts in the macu-
lae flavae begin to get longer and produce extracellular 
matrix (12). Fibroblasts synthesize collagen and elastic 
fibers in the lamina propria of the vocal ligament and 
in turn are produced and controlled in the maculae fla-
vae. 

The changes that occur at the level of the vocal 
folds are related to the structure and function of fi-
broblasts, and they influence the development of his-
tological components of the vocal ligament. The vocal 
ligament keeps the vocal folds stretched and plays a 
complex and still not fully understood role; it is ab-
sent in the infants of other mammals, (it develops with 
age) and mute individuals (so it is a dynamic element). 
Cytological studies performed on fibroblasts of the 
superficial layer of the lamina propria and maculae 
flavae show significant morphological and functional 
changes with aging (13). Adult human fibroblasts in 
the maculae flavae produce collagen and elastic fibers 
that continually renew the ligament.

In the elderly the activity of the fibroblasts in the 
maculae flavae decreases, and less hyaluronic acid is 
produced. Elastic fibers tend to atrophy and instead 
collagen fibers tend to increase in density. The stiffness 
of the vocal ligament increases and the increase in col-
lagen concentration reduces the viscoelastic properties 
of the mucosa (14). So in the elderly there is a thinning 
of the surface layer of the lamina propria and the glot-
tis becomes oval with consequent glottic failure.

Conclusions

In summary the aging of the vocal cords is chara-
terized by many factors: mechanical factors, structural 
factors, systemic (hormonal) factors and laryngeal fac-
tors.

The principal mechanisms that lead to hoarsness 
are alterations of the pulmonary bellows, wich be-
comes stiffner and weaker; alterations of the vocal tract 
that is high-lying in infants, then decends in the neck 
subsequently; hormonal changes: the voice is a second-
ary sexual characteristic, influenced by sex hormones, 
that vary through life depending on the reproductive 
needs, indeed fundamental frequencies are very differ-
ent in male and females during reproductive life, but 
they are very similar in childhood and old age ( non 
reproductive life); circumstantial factors like smoking, 
workplace, digestive disease, some general and local-
regional disease and infectious causes; changes in the 
histological-biochemical morphology of the vocal fold 
that leads to mucosal and lamina propria atrophy, re-
sulting in hoarseness, which is difficult to treat.

Basic Fibroblast Growth Factor (bFGF) is a 
growth factor that acts as a catalyst: it stimulates the 
regeneration of fibroblasts and extracellular matrix 
through the involvement of the macula flavae as po-
tential banks of fibroblasts and extracellular matrix 
(15). 

Future perspective: some prospective animal 
studies have shown that Hepatocyte Growth Factor 
(HGF) can increase the amount of hyaluronic acid and 
decrease the concentration of type I collagen (16, 17). 
One study investigates the potential of the decellular-
ized human umbilical vein (HUV) as an allogeneic, 
acellular extracellular matrix (ECM) scaffold for en-
gineering the vocal fold lamina propria in vitro (18). 
Thus the maculae flavae can be interpreted as the true 
stem cells of the vocal folds. 
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