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communication. Maturation of the body involves dilation of the lar-

ynx and lower positioning of the larynx in the neck, resulting multi-
Primljen — Received: 21/01/2021 ple changes in voice quality. The rapid changes in the human larynx
Prihvacen — Accepted: 26/03/2021 during puberty are more evident in males. Such changes can result
in voice mutation — puberphonia. Puberphonia, also called mutational
dysphonia or mutational falsetto, is the failure of a natural decrease in
fundamental frequency or pitch. We can also defined puberphonia as
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Introduction

During ontogenetic development, a human goes through two very distinct biological phases
of his development, which visibly affect his physical and mental state. In the first phase is the
biological ascent, puberty, or the age of significant changes in the child’s body and a major
turning point in boys and girls, and the second is the biological decline, or menopause. Both
phases significantly affect an individual’s voice. Numerous literature in the field of speech
therapy, acoustics, phonetics, phoniatrics, psychology, psychiatry, vocal pedagogy, as well
as individuals” own experiences testify to the importance of voice and speech in human com-
munication [1]. Voice is a multidimensional whole that allows us to express information and
emotions, so it is the foundation of verbal communication [2]. It is a product of the synergy of
several systems: respiratory, phonatory, resonant and articulatory systems. We are often not
sufficiently aware of the importance of the voice and the information it gives us. By listening
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to someone’s voice, we can get information
about the speaker’s physical characteristics
and also more subtle information, such as
temperament, intention, emotion, or mood
[3]. As we mentioned earlier, the period of
puberty is a period of intense changes in an
individual’s voice. Puberty occurs and lasts
very individually. In some it occurs earlier, in
some later, and that depends on several fac-
tors, such as environment, diet and genetics.
In our area, the maturation of girls occurs be-
tween the ages of 12 and 15, and in boys be-
tween the ages of 13 and 16. The duration of
puberty, and therefore the mutation of voice,
cannot be precisely determined. Voice muta-
tion or so-called puberphonia is a change in
the vocal apparatus due to the growth of the
larynx and its muscles, and the enlargement
of the vocal cords. It is a transitional period
of changing the voice of a child into the voice
of an adult. If not properly treated or given
importance, this functional voice disorder can
have multiple consequences on the personal-
ity and quality of life of an individual, so we
believe that it is important to review relevant
and available literature, make a review of
knowledge about this voice disorder, which
will be useful to both, clinicians and scientists.

Definition, etiology and prevalence
of puberphonia

Mutation of the voice during puberphonia is
a functional disorder which is manifested as
the voice with the children’s characteristics
after puberty. The appearance of voice in a
higher level or in the voice register is the main
symptom that lasts even after puberty. The
voice of patients is continuous and weak for a
long time, thin, breathable, hoarse, feminized
and immature. Other symptoms are pitch
interruptions, inadequate resonance, and
shallow breathing [4,5]. Other terms used to
describe this condition include puberphonia,
adolescent transitional dysphonia, persistent
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falsetto, incomplete mutation, and mutational
falsetto [6].

The etiology of this voice disorder has
not been fully elucidated. However, it is con-
sidered that the main cause is the influence
of testosterone and growth hormone with
incompatible growth of the larynx, especial-
ly the vocal cords. A recent study shows that
there are aberrant hormonal changes in peo-
ple with puberphonia, expressed through
higher values of GPER-1, 17B3-HSD, as well
as CAMP compared to the control group [7].
During puberty, developmental mutations
are observed in both males and females.
However, this change is more obvious in
boys compared to girls. During this period,
the larynx descends, and its dimensions in
the sagittal and transverse planes increase.
In men, the angle of the thyroid cartilage de-
creases to 90°, the length of the vocal cords
increases, and the dimension of the epiglot-
tis decreases. Changes that occur during pu-
berty in all organs responsible for phonation
include an increase in respiratory capacity,
because the length and extent of the breast
also increase [8]. The neck increases in length
and width, which leads to a relative lowering
of the larynx and a consequent expansion of
the vocal tract, which increases the resonatory
system. The growth of the paranasal sinuses
also changes the quality of the voice. The vi-
brational source, the vocal cords, is therefore
only one of several parts of the vocal appara-
tus that change size during puberty, but the
fundamental frequency of the voice is directly
related to the vibration of the vocal cords [9].
In addition to these causes, the etiological fac-
tors include emotional stress, delayed devel-
opment of secondary sexual characteristics,
psychogenic causes and excessive maternal
protection [10].

Voice frequency in men falls by approxi-
mately one octave. The voice remains in high
intonation, but occasionally it breaks and there
is a mixing of the chest register and the head
register. The vocal register is a psychoacoustic
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term and the term “register” was used to per-
ceptually describe different registers of voice
quality contained in certain tone ranges. The
three main modes of phonation are classified
as laryngeal modes or registers. These are
chest, middle and head registers. These three
registers usually correspond to frequency
ranges: low, medium, and high [11]. The typ-
ical fundamental frequency of an adult male
is between 85-180 Hz, and of an adult female
around 165-255 Hz [12]. The characteristic of
puberphonia is that a boy continues to use
higher tonality that strains the laryngeal mus-
cles. Therefore, the voices of girls and boys
that show similarities before puberty, after this
period differ significantly in gender and voice
quality in terms of specific, low frequencies in
men [8,13]. There are three phases in the mu-
tation period (9-16 years). In the permutation
phase, the first symptoms of mutational voice
change appear at the age of 9 to 10 years. The
main mutational phase is characterized by a
rough, hoarse voice quality and a successive
decrease in pitch over a relatively short period
of time; it can take several months. The post-
mutation phase is the last phase and involves
the stabilization of the male voice; it is charac-
terized by lowering the volume range and sta-
bilizing the pitch. Most adolescents complete
the mutation phase at the age of 17.

Although mutational falsetto is a tempo-
rary voice, in cases when it is not treated, it
can turn into a chronic voice disorder [14].
Especially, if resonance is interrupted during
vocal performance and if voice control is re-
duced, it can negatively affect men in ear-
ly adolescence in a psychosocial sense [15].
Vocal therapy in this case, as with all other
voice problems, helps the individual to regain
a healthy voice in accordance with their age
and gender. Applied vocal therapy increases
the voice quality of young people and adults,
helping them to control vocal performances.
The prevalence of this voice disorder has not
been clearly established, there is a lack of epi-
demiological studies that deal with this issue.
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However, research done in India finds that
the prevalence is 1 per 900,000 inhabitants
[16]. Also, some studies find that of all voice
disorders 2-3% are mutational falsetto, or
puberphonia [17]. Other studies that address
this problem always refer to this frequency
data, as no more comprehensive study has
been done to examine the prevalence of this
voice disorder.

Puberphonia and quality of life

The human voice is an individual product
of the interaction of a complex physiolog-
ical function that reveals uniqueness, be-
cause individuals can be recognized by voice
[18,19]. The personal characteristics of the
voice heard by the person-listener can shape
the flow of communication [20]. When vocal
characteristics deviate from gender, age and
culturology in the background of the expect-
ed norm, the sound of the voice can attract
more attention than the messages themselves.
Therefore, it is not surprising that individ-
uals with a voice disorder can be identified
by their voice disorder instead of the whole
personality [21,22]. In the same way, the det-
rimental consequences of voice impairment
include the risk of losing social role [23]. Typ-
ical psychologically accompanying problems
of chronic illness in general, as well as in per-
sistent voice disorders, include depression,
anxiety, and tension [24]. Voice production
is a critical component of social interactions.
It is therefore clear that as a consequence of
voice disorders, detrimental effects on the
quality of life of people are imposed [23]. The
impact of voice disorders varies from person
to person. Occupation, environment, family
members, and complete personality are all
variables that can affect the way a voice dis-
order affects a particular person [25]. People
with puberphonia often encounter problems
that include psychological, emotional, social,
and professional difficulties [26]. In recent

Godiste 12 Jun 2021



decades, more and more attention has been
focused on health-related quality of life, and
research conducted by Wilson et al stressed
the importance of including quality of life
measures in voice assessment [27]. That is
how the instrument, the so-called The Voice
Handicap Index (VHI) was developed and
validated by Jacobson et al. [28]. It was ini-
tially developed to meet the patient’s require-
ments in terms of treatment outcomes with
an emphasis on the patient’s physical, emo-
tional and functional changes during treat-
ment. The first version of this instrument had
85 items, and then it was reduced to 30 items
as VHI-30, which is also the most popular
scale used in clinical practice, as well as in re-
search [29]. Each VHI subscale tends to score
40, giving a total of 120. A VHI score of 0 to
30 represents low score indicating that there
is a minimal handicap associated with voice
disorder. A score of 31 to 60 indicates a mod-
erate handicap as a result of a voice disorder.
Then, a VHI score of 60 to 120 represents a
significant and severe handicap due to voice
problems and is often seen in patients with
vocal cord paralysis or vocal cord scar. Many
researchers reported that VHI is a useful tool
for monitoring treatments for a wide range
of voice disorders [30,31]. VHI is also used to
assess the effect of voice disorders on a pa-
tient’s daily life [28]. Also, the overall VHI
score is taken as the change between the VHI
score before and after the intervention, and
the scores on the VHI subscales may be im-
portant for assessing treatment options and
outcomes. In addition to the impact on voice,
this disorder also has an impact on the social
and psychological levels.

The effects of puberphonia in men include:
physical/mental health; destroys their self-re-
spect; leads to low self-esteem, self-doubt, anx-
iety and depression; worrying behavior; obses-
sive thoughts about yourself; eating disorders
such as anorexia and overeating; late marriage
or inability to form a partnership; loneliness or
leaving home; suicidal tendencies [32]. Sever-
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al studies have also revealed the social aspect
of the problem of puberphonia [32,33,34], and
researchers with their personal treatment ex-
perience have concluded that many other psy-
chosocial problems such as employment and
marital issues arise in society. Therefore, the
researchers are motivated to find all the con-
sequences of the voice mutation as well as the
appropriate treatment model. The most strik-
ing consequences of puberphonia are func-
tional communication and social participation.
Namely, critical aspects of communication
skills are influenced by puberphonia, so ado-
lescents with this functional disorder are teased
and bullied more than their peers. Adolescents
may not find this voice stigmatizing, howev-
er, they prefer not to talk about it with other
people. However, in addition to the above, pu-
berphonia can have a broad psychosocial in-
fluence. This is especially true for adolescents
who may face additional physical, emotional
changes as they enter the adult world. A re-
cent study [32] reports the findings of a survey
investigating the social and communication
impacts of puberphonia. The following mes-
sages emerged from the mentioned research,
which should be recognized by the public and
medical professionals: 1. Puberphonia is a very
common problem; 2. It is necessary to take ad-
vantage of the available treatment; 3. It is not
a hormonal disease or a physiological disease;
4. People with puberphonia are of orderly in-
telligence; 5. Inadequate parenting is not the
etiology of puberphonia; 6. This voice disorder
is curable.

Diagnosis and possible treatments
of puberphonia

Quality assessment of the voice is very im-
portant, because based on it, the vocal ther-
apist designs a treatment plan and program,
and implements adequate methods and tech-
niques that include the ultimate care for the
voice of each patient [35]. The diagnosis of
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puberphonia relies on auditory-perceptual
characteristics, acoustic analysis, laryngov-
ideostroboscopy findings, psychological as-
sessment, tests to exclude hypogonadism, as-
sessment of secondary sexual characteristics,
Gutzmann pressure test (external downward
pressure on the thyroid cartilage will cause
normal voice), as well as clinical examination
of the larynx. The diagnostic profile of an indi-
vidual with puberphonia is relatively simple.
Typically, the patients are male after puberty,
with relatively normal physical development,
including secondary sexual characteristics.
The pitch of these patients is significantly
higher than expected and similar to the pitch
of females. They also rarely have a height
that goes through the chest register. Patients
lack knowledge of their own potential for a
male voice in the chest register and are there-
fore unaware of how to choose and maintain
such a voice [9]. There is a lack of data in the
literature on the results of vocal therapy in
the case of puberphonia. Recently, there has
been a dramatic change in the approach to
treating this condition. While older concepts
were almost synonymous with vocal therapy,
recent trends are prone to surgical correction.
Watkinson [36] actually says that surgery is
contraindicated in the treatment of puber-
phonia. Nevertheless, surgical correction of
puberphonia is now successfully performed,
which has been confirmed through many
studies and case reports around the world.
In order to decide on a therapeutic modality,
we must first define the goals of puberphonia
treatment, and regardless of the therapy we
apply, the goals must be the same: 1. The pa-
tient should be taught to perform phonation
in the lower register; 2. The patient should
be taught to make full use of phonatory and
respiratory muscles; 3. The patient must be
convinced that the new, lower voice must be
used instead of the old, higher one.

Different therapeutic models are avail-
able, mainly categorized into three groups:
vocal therapy, digital laryngeal manipulation
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and surgery. Before undergoing vocal thera-
py, patients need to be properly consulted on
the basics of voice anatomy, human growth,
and voice production. This will help alleviate
the patient’s anxiety before the same thera-
py. Vocal therapy is a behavioral method to
change the way the voice is produced. Ther-
apeutic techniques used in vocal therapy can
even improve wound healing after vocal cord
injury. Vocal therapy is an effective and ap-
propriate method of treatment either as the
only therapy for voice disorder or in combi-
nation with other treatment modalities (e.g.
surgery, medications). It is considered to be
the primary method of treatment of puber-
phonia [37]. Vocal therapy is traditionally di-
vided into two categories, direct and indirect
vocal therapy. A program of vocal therapies
that combine direct and indirect approaches
is considered to give the best results. Histor-
ically, indirect vocal therapy has involved
vocal rest. If inadequate or traumatic speech
is the cause of voice problems, in most cases
the voice temporarily is improved after vocal
rest. However, dysphonia usually returns af-
ter continued use of the voice. Therefore, vo-
cal rest alone cannot solve the long-term voice
problem. Indirect vocal therapy also consists
of educating the patient about the dangers of
vocal abuse and vocal hygiene. In contrast to
indirect, direct vocal therapy involves chang-
ing the patient’s speech technique in an at-
tempt to increase vocal efficiency and improve
voice quality. Vocal therapy usually requires
1-2 sessions once a week for approximately
6—8 weeks. Exceptions exist, including speech
therapy before phonosurgery, which is usual-
ly limited to a few sessions before surgery and
approximately 1-2 weeks after surgery. The
techniques of direct vocal therapy focused
on puberphonia are as follows: Cough: The
patient learns to cough by pressing Adam’s
apple. This maneuver shortens the length of
the vocal cords where it reduces its vibrating
tone. The patient is advised to do this exer-
cise at home. This will allow the patient to get
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used to the lower fundamental frequency of
the voice. The next technique is masking the
range of the voice - this procedure is known
to improve the quality of the voice. The use of
auditory masking is used to produce a reflex
response. Speaking in a noisy background
has been found to have deep effects on how
an individual speaks. It can change the qual-
ity of an individual’s speech. This procedure
also makes the voice clearer and louder. An
instrument known as a facilitator is used for
this purpose. Masking is in the range between
100-8000 Hz. Another technique under the
guise of direct vocal therapy is a glottal attack
before a vowel - The vowel is a very import-
ant sound in speech. It is also easily amena-
ble to therapy/change. Glottal attack involves
bringing both vocal cords closer. The patient
is asked to breathe in and create air pressure
in the subglottic area. This causes increased
muscle tension in the laryngeal area. The
vowel is pronounced as the air is breathed
out. This procedure allows a patient to settle
down to his basic fundamental frequency of
voice. Also, there are techniques for relaxing
the laryngeal musculature: Yawn technique,
M warm-up, Visipitch, chewing technique,
Boone’s technique, Mcfarlane and Boone’s
Boom swallowing technique [10]. However,
there is a lot of controversy about the useful-
ness of these techniques for relaxing the la-
ryngeal muscles and their effectiveness. Some
have even been found to cause damage to the
vocal cords [38]. In addition to vocal thera-
py, there is also laryngeal manipulation as a
method of treating puberphonia. This method
was first described by Dr Sudhakar Vaidia in
his study [34]. Patients were examined under
local anesthesia using a Macintosh intubation
laryngoscope. The long blade of the laryngo-
scope was placed in the vallecula and the pa-
tient was asked to speak the long “EEE”. The
pressure in the vallecula stretched the vocal
cords. With additional external pressure on
the thyroid cartilage, the quality of the voice
improved, in the sense that the patient’s voice
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immediately improved from a child’s high
tone to a lower adult male voice. Digital laryn-
geal manipulation means that the thyroid car-
tilage is compressed and the patient is asked
to speak. The patient is advised to repeat this
procedure at home. Also, injecting botulinum
toxin into the cricothyroid muscle could also
be helpful. In the same study, it was found that
ideally 15 units of Botulinum toxin should be
injected in each direction. We can conclude
that a conservative approach to the treatment
of puberphonia includes speech therapist and
otolaryngologist, and that a motivated patient
and a dedicated team of therapists usually
succeed in treatment in most patients. When
this approach to treatment does not work, a
surgical option remains in those rare patients.
Namely, when all these conservative methods
fail, surgery must be the option. The first case
of surgical treatment of puberphonia was re-
ported by Pau and Murthi [39].

Conclusion

Voice is an essential component of individual
expression and as a connection with others. As
a basic part of one’s inner being, the voice is
highly influenced by thoughts and self-aware-
ness [40]. The functionality and dysfunction of
the voice must be understood within a psycho-
social context. Voice characteristics appropri-
ate to age, gender, and cultural background
are a critical aspect of functional voice use and
consequently successful communication. Fu-
ture directions in research include replication
of existing research and comparisons of vari-
ous puberphonia treatment techniques to de-
termine efficacy in terms of method/technique
and duration of therapy. Also, additional di-
rections include examining participants who
belong to other groups, such as individuals
with additional communication difficulties.
The combination of clinical outcomes with
empirical evidence from controlled scientif-
ic studies may be most acceptable through a
joint effort between clinical environments and
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institutional research. Such combined resourc-
es can improve knowledge of functional voice
dynamics and psychosocial issues, as well as
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Puberfonija: od klasi¢cnog do savremenog pristupa
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Univerzitet u Istocnom Sarajevu, Medicinski fakultet Foca, Republika Srpska, Bosna i Hercegovina

Glas je znacajna komponenta komunikacije koja nam omogucava prenosenje informacija i izraza-
vanje osjecanja, stoga se posmatra kao temelj verbalne komunikacije. Sazrijevanje tijela obuhvata
Sirenje grkljana i nize pozicioniranje grkljana u vratu, $to rezultira visestrukim promjenama u kva-
litetu glasa. Brze promjene na ljudskom grkljanu tokom puberteta ociglednije su kod muskaraca.
Takve promjene za posljedicu mogu imati mutaciju glasa - puberfoniju. Puberfonija, koja se naziva
i mutaciona disfonija ili mutacioni falset je neuspjeh prirodnog smanjenja osnovne frekvencije ili
visine tona. Puberfoniju mozemo definisati i kao perzistentan adolescentni glas i nakon puberteta u
odsustvu organskog uzroka. Ovaj funkcionalni poremecaj glasa moze imati visestruke posljedice na
licnost i kvalitet Zivota pojedinca, koji Cesto nailazi na probleme psiholo3ke, emocionalne, socijalne
i profesionalne prirode. Ovaj rad ima za cilj da pregleda relevantnu i dostupnu literaturu na temu
puberfonije na sveobuhvatan, sazet nacin, isticuci etiologiju, prevalenciju, klinicku manifestaciju, po-
sljedice na kvalitet zivota osoba sa puberfonijom, kao i evoluciju pristupa i odnosa prema njegovom
lijecenju.

Kljucne rijeci: mutacija glasa, pubertet, puberfonija

98| www.biomedicinskaistrazivanja.mef.ues.rs.ba Godiste 12 Jun 2021



