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Abstract The finding of minimal laryngeal dysfunctions
in professional voice users is essential to prevent the onset
of organic vocal pathologies. The purpose of this study is to
identify an objective parameter that supports the phoniatric
evaluation in detecting minimal laryngeal dysfunctions in
singers. 54 professional and non-professional singers have
been evaluated with laryngostroboscopy, Multi-Dimensional
Voice Program (MDVP), Dysphonia Severity Index (DSI),
maximum phonation time (TMF), minimum intensity of
sound emission (I-min), maximum frequency (F-max), voice
handicap index (VHI), singing voice handicap index (SVHI),
manual phonogram and audiometric examination. The SVHI
of all the “healthy” singers was on average 23.7+22.5, while
that of the “dysfunctional” 20.9 + 18. No statistically sig-
nificant difference was found between the SVHI scores of
the total of healthy singers compared to the scores of the
dysfunctional ones on the VSL (p=0.6). The between-group
comparison of the means of individual parameter values of
DSI, TMF, F-max, Jitter, Shimmer, NHR, and SPI was not
statistically significant (respectively p=0.315,0.2, 0.18,
0.09,0.2, 0.08,0.3). The only parameter analyzed that was
statistically significant was the I-min (p <0.05). SVHI is a
valid instrument for the evaluation after a therapy but in our
experience, it is not useful in distinguishing healthy from
dysfunctional patients. The minimum intensity of sound
emission measured with the sound level meter (I-low2)
resulted a reliable parameter to identify minimal laryngeal
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dysfunctions and a useful tool in supporting the phoniatric
diagnostic-therapeutic process in singers.
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Introduction

Teachers, actors, lawyers, call center operators, tour guides,
singers are some professional figures whose vocal organs are
subjected to excessive strain. These voice professionals can
be considered as a group of workers at risk for developing
Work Related Voice Disorders (WRVD) [1].

WRVD represents any form of vocal change, directly
related to the use of the voice, that could reduce, impair or
impede the worker’s performance, having an impact even
on life quality [2, 3].

Changes in the fundamental frequency, intensity and
vocal timbre, hoarseness, up to the onset of pathologies as
laryngitis, polyps, nodules, etc. can occur.

The development of WRVD for singers is multifactorial,
being associated with several factors that can directly or
indirectly trigger or worsen the worker’s vocal impairment
[3].

Non-occupational risks include factors such as gender,
age, respiratory allergies, upper respiratory tract diseases,
hormonal influences, medications, alcohol, smoking and cof-
fee abuse, poor hydration, inappropriate diets with increased
risk of pharyngolaryngeal reflux, and non-professional activ-
ities with high vocal demand.

The professional risk factors [3] include extensive use of
the voice, poor rest, stress, anxiety, sudden changes in tem-
perature, inadequate ambient ventilation, exposure to chemi-
cal substances irritating the upper respiratory tract (solvents,
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fumes, etc.), postural alterations [4], presence of dust and/or
cigarette smoke, etc.

Among the professional figures considered at risk for the
onset of WRVD, teachers and singers are extensively studied
in the literature, since they tend to report voice disturbances
more frequently than the general population [2].

A recent meta-analysis indicates a higher mean preva-
lence of self-reported vocal problems in singers than in the
general population [5].

Perkner et al. [6] found a significant increase in voice
impairment and vocal disability compared to controls in
three groups of singers (opera, musical theater and modern
singers) [7].

Among the most recurrent pathologies, gastroesophageal
reflux is particularly present among opera singers, due to the
prolonged stress on the diaphragm. The results of a study
on 351 professional singers and 578 controls show that in
this group, the occurrence of the pathology is almost double
compared to the population [8].

A 2009 study shows that voice professionals report a
prevalence of heartburn, regurgitation and hoarseness, sta-
tistically higher than a control group and significantly cor-
related with the length of working life in the sector [9].

The assesment of a patient with a voice problem is mul-
tidimentional and includes the use of clinician instruments
(fibrolaryngoscope, aerodynamic and acoustic test, etc.). In
particular, laryngostroboscopy allows to identify anatomi-
cal and functional vocal cords abnormalities by viewing the
appearance and movement of the vocal fold in a slow-motion
video format.

Vocal health can be assessed instrumentally, but sing-
ers have effective and sensitive assessment tools to identify
potential vocal problems themselves, before any laryngeal
disease occurs. This result can be achieved by using a self
perceived questionnaire that has been proven to effectively
record the patients’ experience of their voice disorders [10,
11].

Studies have reported that the Voice Handicap Index
(VHI) questionnaire [12] represents an important tool
for specialists to check preliminarly how perceived voice
impairment can affect social, emotional and professional
comfort [13].

Based on the VHI score, subjects can be classified accord-
ing to 3 degrees of severity of dysphonia: Mild (0-30): mini-
mum amount of handicap; Moderate (31-60): often seen
in patients with nodules, polyps, or cysts vowels; Severe
(61-120): often observed in patients with vocal cord paraly-
sis or severe vocal fold and scarring.

The Singing Voice Handicap Index (SVHI) is a validated
questionnaire to evaluate the function and quality of the
voice, specific for singers [11].

This study aims to identify an objective parameter that
supports the phoniatric evaluation to discriminate and
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diagnose early laryngeal dysfunctions in singers who mini-
mize and neglect vocal problems, revealed but instrumental
analysis.

Material and Methods

The study was conducted at the Phoniatric Unit of the Oto-
laryngology Clinic in “Policlinico Umberto I, Rome from
september 2019 to june 2021, as part of a research activity
with the Santa Cecilia Conservatory of Rome and the dioc-
esan choir of Rome.

The study was designed in accordance with the Declara-
tion of Helsinki (‘World Medical Association Declaration of
Helsinki’, 2013). Each participant was informed about the
research protocol, the long-term use of data and the right to
withdraw from the study. Informed consent was provided
by all participants.

All the singers of the Santa Cecilia Conservatory of Rome
and the diocesan choir of Rome were invited to a free screen-
ing at the clinics and, with prior informed consent, were
subjected to clinical and instrumental evaluation.

The singers who responded to the invitation and voluntar-
ily accepted to be part of the research were 54, of which 6
professional singers, 28 choristers, 20 vocal students. The
group consisted of 35 women and 19 men, aged 20 to 53,
with an average age of 29,6 years, with 80% under 35.

After an initial interview with an explanation of the
research protocol and collection of informed consent, the
patients underwent a medical history questionnaire, self-
administration of the SVHI questionnaire, fibrolaryngos-
copy, stroboscopy, manual phonogram, audiometric exami-
nation and voice recording.

To evaluate voice quality, a recording of vocal samples
was performed, with comfortable emission of the vowel /a/
held at constant pitch and intensity for a few seconds, ana-
lyzed with the multi-parameter software Multi-Dimensional
Voice Program (MDVP).

The acoustic analysis made it possible to obtain the
maximum phonation time, identification of the minimum
intensity of sound emission (I-low) and maximum frequency
(F-high).

The exclusion criteria were ongoing acute inflammatory
pharyngolaryngeal, ongoing nasosinusal diseases and vocal
cords neoformations on stroboscopic analysis.

Moreover, the stroboscopic findings in which dysfunc-
tional dysphonias were present, were taken into considera-
tion (for example hyperkinesia, hypokinesia, posterior trian-
gular deficit, hyperkinesis of the false cords, etc.) excluding
the organic dysphonias in which a suffering of the chordal
tissue is assumed.

According with these assumptions, of the 54 singers
enrolled, 5 were excluded, of which 1 professional singer
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suffering from right vocal cord edema, 1 lyric singing stu-
dent suffering from two angiomas of the left vocal cord, 3
choristers with pre-contact, nodular attitude and edema on
the left vocal cord.

The patients finally included in the study were 49 singers,
(24 opera and 25 pop music singers), aged between 19 and
53 years, 30 women with an average age of 29 years and
19 men with an average age of 29 years. The mean age of
professional singers was 39 years, while 28,2 was the mean
age for the others.

All statistical procedures were performed using t Stu-
dent’s parametric statistical test.

Laryngostroboscopy

All singers underwent fibrolaringoscopy with videolaryngo-
stroboscopy (VLS) with a 70° rigid laryngoscope (Hopkins,
8700 CKA, Karl Storz, Germany) and flexible nasopharingo-
scope, (XION EF-N 3.4 mm, Inventis SRL Padova Italy), a
reliable method to detect lesion size rating, the anteroposterior
supraglottic compression and the glottal closure. The instru-
mental examinations were carried out by a team of 2 otorhi-
nolaryngologists, specialists with 30 years of experience.

The vocal cords morphology, leveling, length and motility
were examined as well as the supraglottic structures attitude
and glottal closure.

Multi-dimensional Voice Program (MDVP)

Calculation of the vocal parameters was carried out with the
MDVP system (Mode) 5105, Version 3.1.4 © 2000-2006
Kay PENTAX) according with the Sifel protocol on
dysphonia:

Vocal /a/ held, for at least 4 s, without sound interrup-
tions, silent environment (< 30 dB of background noise);
microphone 20 cm from the lips; conversation voice inten-
sity, between 55 and 65 dB on average; constancy of inten-
sity and frequency; direct digital recording of the entire
vocalization.

Only the central three seconds of the vocalization were
considered, the attack and the emission extinction have been
eliminated.

Of the 33 measurable parameters with this program, we
mainly considered Jitter%, Shimmer%, Noise to Harmonic
Ratio (NHR) and Soft Phonation Index (SPI).

In addition, the following parameters were analyzed:

Maximum phonation time (TMF): calculated with a stop-
watch asking the subject to emit a /a/ comfortable in frequency
and intensity as long as possible after a deep inspiration. The
best of the three performances is taken into consideration.

Maximum frequency (F-max): two measurements were
taken, F-max1 and F-max2. The F-max1 was extrapolated

from the phonogram, as the Sifel protocol suggests, indicat-
ing the maximum frequency reached by the singer during the
rehearsal.

The F-max2 was measured through the frequency counter
of the stroboscope with a frequency detector placed on the
patient’s neck which records the vocal emission frequency,
while the subject emits a /a/ spoken (almost shouted) at the
maximum possible frequency (trying not to sing/turn the
sound).

Minimum intensity of sound emission in dBA (I-min)
has been calculated with two methods, obtaining an I-lowl
and an I-low2.

The I-low1 was extrapolated, as the F-max1, from the
phonogram taking the minimum intensity.

The I-low2 was measured with the following method:
Vocal /a/ held, for at least 4 s, without interruption of sonor-
ity at the minimum emissive intensity, silent environment
(<30 dB background noise), class I sound level meter (brand
01 dB model SOLO) at 20 cm from the lips, angled 45°,
3 training tests, direct recording of the entire time history
of the issue vocal with 10 samples per second of equiva-
lent sound level weighted A (LegA), extraction from the
acquired time history of a number of samples sufficient in an
almost constant emissive tract in order to obtain a minimum
A-weighted equivalent sound level.

These last three parameters (TMF, F-max and I-min)
together with the Jitter% allowed to calculate the Dysphonia
Severity Index (DSI).

By means of a Fisher linear discriminative analysis the
following formula is defined:

DSI = 0.13 x TMF + 0.0053 x F - max —0.26
X I - min—1.18 X Jitter% + 12.4

Voice Handicap Index (VHI) and Singing Voice
Handicap Index (SVHI)

The VHI was not modified, and it was administered accord-
ing with the Sifel protocol. The SVHI was slightly modified
in the translation by a professional translator to better render
some expressions which could lead to confusion.

Phonogram

The phonogram was done manually by a musician and by
an acoustic engineer inside a silent booth with a background
noise of less than 30 dB.

The notes were indicated by the musician through a digi-
tal piano and analyzed by the acoustic engineer through a
class I sound level meter (brand 01 dB model SOLO); the
authors decided not to use a frequency analyzer because the
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musician was able to understand if the note produced was
adequately in tune or waning/rising.

The notes C, E, G and A within the range of each singer
and at the extremes of the range were analyzed proceeding
by semitones. The analysis began with the middle notes with
medium frequency and then it proceeded towards the low
notes and then the high ones.

The singer was positioned 30 cm away from the sound
level meter and emitted the note indicated by the musician
at the minimum and maximum possible intensity.

After sampling the entire extension, the individual traces
recorded were analyzed separately to report the minimum
and maximum intensity values on the Cartesian graph.

Audiometry

Each patient underwent a tonal audiometry in headphones,
to exclude hearing loss.

Results

Out of the total sample, 24 are professionals, 5 graduated
singers (4 females and 1 male) and 19 singing students
from Conservatory Santa Cecilia in Rome (12 females and
7 males) and 25 choristers of the choir of the diocese of
Rome (14 females and 11 males).

The medical records showed 6 patients already operated
on at the laryngeal level (4 for nodules and 2 for edema), 21
patients with gastroesophageal reflux (2 with evident clinical
signs, 19 with occasional symptoms).

Through stroboscopic evaluation we found 29 healthy
singers and 20 dysfunctional singers. For the dysfunctional
ones, 7 with posterior triangular deficit, 4 with signs of lar-
yngopharyngeal reflux, 2 with hyperkinesis of the supraglot-
tic structures, 2 with mild hyperemia and hyperkinesis of the
supraglottic structures, 1 with posterior triangular deficit and
hyperkinesis of the false cords, 2 with posterior triangular
deficit and 2 with central closure deficit.

The use of the SVHI aims to investigate the correlation
between the level of self-perceived disability, measured pre-
cisely through the Singing Voice Handicap Index (SVHI)
and the presence of an effective dysfunctional laryngopa-
thy or an unacknowledged organic laryngopathy, verifi-
able through videostrobolaryngoscopy (VSL) in a group of
singers.

The SVHI score of the total sample ranges from a
minimum of 0 to a maximum of 89/144, with a mean of
22.6+20.6.

Professional singers scored a mean SVHI of 14.4 +18.2;
singing students 18.7 + 16.2; chorist singers 25.3 +23.7.
Opera singers achieved an SVHI mean of 18.6 + 16.5; after
VSL, 13 of them were found to be normal for laryngeal

@ Springer

morphology and motility (mean SVHI: 21.6), while 11
were classified as dysfunctional (mean SVHI: 15). Pop
singers scored a mean SVHI of 26.4 +23.7; of these, 16
were normal on VSL (mean SVHI: 25.4), while 9 showed
dysfunction (mean SVHI: 29.1).

The SVHI of all the "healthy" singers was on average
23.7+22.5, while that of the "dysfunctional" 20.9 + 18.

No statistically significant difference was found between
the SVHI scores of the total of healthy singers compared to
the scores of the dysfunctional ones on the VSL (p =0.6).

The finding of an SVHI score inversely proportional to
the level of vocal experience underscores the role of an
established technique in limiting self-perceived discom-
fort. It is conceivable the development of virtuous com-
pensation mechanisms in opera singers constantly exposed
to dysfunctionality from vocal hyperfunction, such as not
to affect the quality of their performance.

The identification of minimal laryngeal dysfunctions in
subjects who use the voice as the main professional tool is
essential to prevent the onset of organic vocal pathologies.
With the aim of identifying an objective parameter that
supports the phoniatric evaluation for the identification of
minimal laryngeal dysfunctions in the singer, an acoustical
analysis of the voice was performed.

Healthy singers showed mean DSI of 4.4 +2.1,
TMF of 18.2+5.9 s, F-max of 642.7 +274 Hz, Jitter of
0.389+0.211%, Shimmer of 2.513 +0.994%, Noise Har-
monic Ratio (NHR) of 0.125 +£0.014, Soft Phonation
Index (SPI) of 5.672 +3.398, I-min of 51.1 +4.9 dB.

Singers with minimal laryngeal dysfunction had
a mean DSI of 3.8 +2, TMF of 16.4+5 s, F-max of
748.6 +265.2 Hz, Jitter of 0.463 +0.260%, of Shimmer
of 3.086 +£1.382%, of NHR of 0.134 +0.02, of SPI of
4.79 +2.578, of I-min of 54.4 +5.3 dB.

The between-group comparison of the means of indi-
vidual parameter values of DSI, TMF, F-max, Jitter,
Shimmer, NHR, and SPI was not statistically significant
(respectively p=0.315; p=0.2; p=0.18; p=0.09; p=0.2;
p=0.08; p=0.3).

The only parameter analyzed that was statistically sig-
nificant was the I-min (p <0.05).

Singers with minimal laryngeal dysfunction develop
an unconscious increase in subglottic pressure and an
increase in laryngeal tensoadductor forces with high vocal
cost and difficulty producing a low pitched sound com-
pared to healthy singers.

The I-min in this group represents a reliable parameter
for identifying the slightest dysfunctions at the laryngeal
level, representing a useful objective support tool in the
singer’s phoniatric diagnostic-therapeutic process.

Audiometry resulted normal in all the patients.

The results are presented in Tables 1 and 2.
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Table 1 Results analysis

Singers Min. Max. Average SD Min. Max. Average SD
VHI SVHI
Healthy 0 57 15.44 1492 0 89 23.72 22.54
Dysfunctional 2 57 14.75 12.606 2 64 20.85 17.98
Jitter % Shimmer %
Healthy 0.192 1.1 0.389 0.211  0.089 4.519 2.513 0.994
Dysfunctional 0.181 1.018 0.463 0260 1.482 6.548 3.086 1.382
NHR SPI
Healthy 0.102  0.153 0.125 0.014 1.043 15.094 5.672 3.398
Dysfunctional 0.109 0.182 0.134 0.02 1.806 10.796 4.79 2.578
F-max1 (Hz) F-max2 (Hz)
Healthy 262 1048 642.7 274.09 228 505 358.4 82.61
Dysfunctional 330 1184 748.6 265.29 140 780 388.2 185.5
I-lowl (dB) I-low2 (dB)
Healthy 42 63 51.86 6.170 434 63 51.1 4.959
Dysfunctional 44 63 55.24 6.168 42.1 65.2 54.46 5.308
MTF (s) DSI
Healthy 10.88 32 18.23 5925 —-0.888 7.365 4.43 2.186
Dysfunctional 8 26.11 16.46 5.032 -0.019 6.946 3.803 2.041
Table 2 P value resulted from the comparison between the parameters of healthy and dysfunctional singers
VHI SVHI Jitter % Shimmer % NHR SPI
p value 0.86 0.6 0.09 0.2 0.08 0.3
F-max1 (Hz) F-max2 (Hz) I-low1 (dB) I-low2 (dB) MTF DSI
p value 0.18 04 0.065 0.02 0.2 0.315
Discussion Although we believe in a holistic evaluation of the sing-

According to Cohen et al. [14] SVHI is a reliable and
valid tool to measuring the impact of vocal problems on
the singer [15]. As in other studies in the literature, we
found unknow laryngeal pathologies in singers [16]. These
pathologies were unknown probably because these do not
affect singing or because the singers learned to adapt
them. Based on our laryngostroboscopies we identified 29
healthy and 20 dysfunctional singers suffering from adduc-
tor deficits, hyperkinesis of the supraglottic structures and
signs of laryngopharyngeal reflux.

Singers with an organic pathology were excluded from
the study, based on SVHI we obtained 13 pathological
results, of which only 4 were classified as dysfunctional by
laryngostroboscopy. We also compared the scores of the
3 areas of investigation in healthy and dysfunctional sing-
ers, and we noted that higher scores have been obtained
for healthy singers.

Moreover, we found that the psychological components
were equivalent to those specific to the vocal production.

er’s voice, considering health as a multidimensional con-
cept, which incorporates the physical, mental, and social
state of being, it is appropriate to evaluate all these areas
separately, as the separated scores of VHI, with the aim to
identify more accurately what is the problem triggering the
disody [17-20].

Currently, all the questions are evaluated as a single result
preventing correct analysis of the 3 areas of investigation.

Moreover, the questions regarding the voice emission
characteristics are only 10 out of 36 and are not specific.
Since singers are particularly attentive to mild and preco-
cious symptoms, adding more specific items focused exclu-
sively on the technique of sung vocal production, we could
have a preliminary test to the laryngostroboscopic instru-
mental examination and a valid tool in the diagnostic-ther-
apeutic process [21, 22].

Although the SVHI may be adequate to assessing the
perceived impact of known vocal problems, it is unable to
accurately assess, or correlate with personal perception, the
presence of pathology misunderstood in healthy singers, as
also found by Castelblanco et al. [23-25].
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SVHI is a mainly psychological instrument valid for the
evaluation after a therapy, but it does not allow us to iden-
tify problems and to distinguish healthy and dysfunctional
singers.

Since the SVHI is not useful to identify pre-pathological
situations in the singer, we analyzed the values obtained
from the MDVP, more specifically the Jitter%, the Shim-
mer%, the NHR, the SPI, and Soft Phonation Index, to
understand if one of these parameters could act as a predic-
tive index [26-30]. No significant differences emerged on
these four parameters. The low SPI value indicates a greater
richness of harmonics and high frequency formants and the
presence of an efficient singing formant with a good vocal
projection attitude, therefore we expected lower values in
the singers. Instead, according to Rodrigues [31] et al. and
Felippe et al. [32], we obtained a well-known statistically
significant difference regarding the NHR values between
men and women (p =0.0004). It may be related to the fact
that men use a voice characterized by less glottic closure
and this favors vocal production with fewer harmonics and
greater amount of noise [33]. This parameter, however, does
not allow us to distinguish between healthy and dysfunc-
tional singers. Therefore, some performance parameters such
as the maximum phonation time, the maximum emitted fre-
quency and the minimum intensity of sound emission have
been analyzed to calculate the DSI. The maximum phonation
time resulted significantly different only between men and
women (p =0.02) [34]. Contrary to Schmidt et al. results that
found a prolonged MPT in the group of singers, we didn’t
find other differences [27].

An only gender difference has been highlighted on the
maximum frequencies. Regarding this parameter, we drawn
two values for each singer, one extracted from the phono-
gram and the other one measured with the stroboscope, but
we have seen how the value obtained from the phonographi-
cal examination is more reliable.

About the minimum intensity, according to the authors’
experience, any artifacts, or irregularities in DSI calcula-
tion can occur especially if this parameter is not carefully
evaluated. Given that according to Sifel protocol this method
needs to be tested by various operators for its validation®,
we have also calculated it using another method (I-low2 val-
ues). The first value (I-low1) resulted by phonogram and the
second one (I-low2) was measured with sound level meter.
By comparing the values of the minimum sound emission
intensity between healthy subjects and those of dysfunc-
tional subjects, we obtained a statistically significant differ-
ence only regarding the values obtained through our meas-
urement method (p =0.02), and for this reason, considering
them more reliable, we used these values for the calculation
of the DSI. Looking at the values of the two categories,
dysfunctional subjects (I-low =54.46) have a significantly
higher values than healthy subjects (I-low=51.1). This
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could be explained by the fact that singers with minimal
laryngeal dysfunction, such as minimal glottic incompetence
or hyperkinesis, need more subglottic pressure to counteract
the greater muscle force necessary for adduction and sub-
sequent chordal vibration and therefore produce a sound of
greater intensity than healthy singers. In clinical practice,
therefore, the evaluation of I-low2 could be very useful for
identifying clinically healthy but dysfunctional patients.
Considering the ease of measurement of I-low2, which does
not necessarily require a specialist’s evaluation, it could be
a very useful and inexpensive tool. Moreover, the three per-
formance parameters (MTF, F-max1, I-min2), together with
the Jitter%, allowed us to calculate the Dysphonia Severity
Index (DSI). DSI was developed by Wuyts et al. [35], with
the aim to developing an index objectively and quantitatively
correlated to the quality of the perceived voice. According
to Hakkesteegt et al. [36], DSI should be interpreted as a
measure of vocal function/performance that is not necessar-
ily related to perceived vocal quality or measured. However,
we did not obtain statistically significant differences in DSIL.

Conclusion

The identification of minimal laryngeal dysfunctions in
singer is essential to prevent the onset of organic vocal
pathologies. The multiparametric voice evaluation per-
formed in professional and non-professional singers showed
that the minimum intensity of sound emission measured
with the sound level meter (I-low2) is a useful tool identify
laryngeal dysfunctions in healthy subjects.

In our opinion I-low?2 is a reliable and minimally inva-
sive measurement that can be performed also by the speech
therapist during the therapy. Also, the SVHI is a valid instru-
ment for the evaluation after a therapy but based on our
experience it is not useful in distinguishing healthy from
dysfunctional patients. Further studies are needed to obtain
a standardized method of measuring the minimum sound
emission intensity usable to predict laryngeal dysfunction
in healthy subjects.
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