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Objectives: The aim was to describe the acoustic, auditory-perceptive, and subjective voice changes under the Lombard
effect (LE) in adductor laryngeal dystonia (AdLD) patients.

Methods: Subjective perception of vocal effort (OMNI Vocal Effort Scale OMNI-VES), Maximum Phonation Time (MPT),
and the perceptual severity of dysphonia (GRBAS scale) were assessed in condition of stillness and under LE in 10 AdLD
patients and in 10 patients with typical voice. Speakers were asked to produce the sustained vowel /a/ and to read a phoneti-
cally balanced text aloud. Using the PRAAT software, the following acoustic parameters were analyzed: Mean Pitch (Hz), Mini-
mum and Maximum Intensity (dB), the Fraction of Locally Unvoiced Frames, the Number of Voice Breaks, the Degree of Voice
Breaks (%), the Cepstral Peak Prominence-Smoothed (CPPS) (dB).

Results: Under LE, the AdLD group showed a decrease of both G and S parameters of GRBAS and subjective effort, mean
MPT increased significantly; in the controls there were no significant changes. In both groups under LE, pitch and intensity of
the sustained vowel /a/ significantly increased consistently with LE. In the AdLD group the mean gain of OMNI-VES score and
the mean gain of each parameter of the speech analysis were significantly greater than the controls’ ones.

Conclusion: Auditory feedback deprivation obtained under LE improves subjective, perceptual-auditory, and acoustics
parameters of AdLD patients. These findings encourage further research to provide new knowledge into the role of the audi-
tory system in the pathogenesis of AdLD and to develop new therapeutic strategies.
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INTRODUCTION
Adductor laryngeal dystonia (AdLD) is a focal

task-specific dystonia characterized by irregular and
uncontrolled voice breaks. AdLD is a rare disorder with
an estimated prevalence of one in 100,000.1 Over 65% of
those affected are women and the average age of symp-
tom onset is 45 years.2,3 AdLD mainly results in strained-
strangled and harsh voice quality with spasms and effort-
ful speech production.4

The severity of the condition varies significantly
depending on the speaker, with symptoms ranging from
mild and barely noticeable to severe. Diagnosis can be
challenging because few objective measures are clinically
used to discriminate LD from other voice disorders. It is
based on qualitative and phenomenological assessments
carried out through the combined assessment of voice
care specialists such as laryngologists or speech-language
pathologists and neurologists with experience specifically
in movement disorders. The pathogenesis is still
unknown. To date, we know that it is a movement disor-
der: specifically, it is a functional and structural disorder
of the neural network of the motor and sensory systems.5

Sensory system abnormalities have been described
in many types of adult-onset focal dystonia. The sensory
system is involved in the mechanisms underlying two
clinical phenomena of LD: sore throat, discomfort and
sensory tricks.6 Recent studies have demonstrated that
an abnormal sensory discriminatory process could be an
endophenotypic marker of isolated dystonia.7 The tempo-
ral threshold of visual and proprioceptive discrimination
is increased in LD except for singer’s LD.7 On the other
hand, it has been shown that the spatial-tactile discrimi-
nation and olfactory processing are normal in LD.7 The
interdependence between speech, voice, and hearing is
well known.8,9

Indeed, the role of the auditory sensory domain in
AdLD is emerging. Functional neuroimaging studies of
speech production in speakers with AdLD have reported
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hyperactivation of the laryngeal and orofacial sensorimo-
tor cortex, including premotor and motor regions, as well
as auditory and somatosensory cortices that may inter-
fere with typical sensorimotor processes.10 Daliri et al.11

demonstrated that the same pattern of hyperactivity was
found even when auditory feedback control of speech
was eliminated through noise masking, suggesting that
the hyperactivation in the voice production network
observed in speakers with AdLD is likely related to
impairments in somatosensory feedback control and/or in
the feedforward control mechanism.

The role of audio-vocal feedback control in LD is of
particular interest. Reflexive vocal behavior has been
shown to be dysfunctional in a variety of disorders affect-
ing both voice and speech, including vocal fold paralysis,
Parkinson’s disease, and cerebellar degeneration.8–10,12–14

Thomas et al.15 showed that patients with LD
exhibited increased sensitivity to altered audio-vocal feed-
back during sustained phonation (hyperactive pitch-shift
reflex, approximately twice as high as typical) likely due
to the alterations in central processing of sensory feed-
back or a change in sensorimotor coordination. The poor
voice quality in AdLD could activate an auditory
feedback overcontrol mechanism in order to correct
the aberrant voice signal. Nevertheless, a dysfunction in
self-monitoring of auditory feedback could contribute
to the excessive muscle activation characteristic of
the disorder.15

Another form of audio-vocal feedback control is the
Lombard effect (LE). LE refers to the vocal adjustments
that occur in typical speakers in response to background
noise.16–18 It is possible that the LE could be an innate or
unlearned motor behavior controlled by a subcortical net-
work that can be modulated by cortical brain areas.19–22

The acoustic components of “Lombard speech” differ
from those of neutral speech (i.e., flatter spectrum with
emphasis on high frequencies, longer duration of target
phonemes, reduced speech speed, and formant frequency
adjustments).23–25 Due to LE, also, speakers increase
their voice volume in the presence of loud noise as part of
a compensatory mechanism.26 This effect has also been
demonstrated in people with Parkinson’s disease27,28 and
in people who stutter whose disorder may result from
abnormal processing of feedback.29,30 Furthermore, the
effect of Lombard test has been investigated in patients
with hyperkinetic dysphonia compared with typical
speakers showing similar change in aerodynamic and
acoustic features and, in presence of background noise, a
return to the baseline features only in typical speakers.31

To date, findings about the audio-vocal feedback control
provide interesting new insights into the pathophysiology
of AdLD that reinforce the role of hearing in maintaining
vocal control.

To date, botulinum neurotoxin is the gold standard
treatment for AdLD due to the peripheral effect of tempo-
rary chemical denervation of vocal fold muscles and cen-
tral modulation of sensory inputs.13,32–35

Nevertheless, in cases that respond to treatment,
51% of patients experience prolonged side effects that
often interfere with breathing and swallowing.36 The
effectiveness of the treatment may gradually decrease

over time as some patients develop resistance to BoNT
and the injections are psychologically and financially bur-
densome because they are expensive and repeated injec-
tions are needed every 3 months, on average. The
aforementioned findings relating to the auditory system
may open up new potential therapeutic opportunities as
has already happened for other movement disorders asso-
ciated with speech impairment.

Overall, studies on this topic are scarce. The aim of
this article was to describe the acoustic, auditory-
perceptual, and subjective voice changes in patients with
AdLD and in subject with typical voice as a control group,
during rapid Lombard Test (LT) and to discuss the patho-
genic hypotheses underlying our findings.

MATERIALS AND METHODS
The study was conducted with a prospective observational

design on patients diagnosed with AdLD at Phoniatric Unit of
the Fondazione Policlinico Universitario A. Gemelli IRCCS,
Rome, Italy. AdLD was diagnosed by a specialized otolaryngolo-
gist (MRM or LD), expert in voice disorders, after voice evalua-
tion, videolaryngostroboscopy, and audiometric examination.
Additionally, patients with AdLD underwent neurological exami-
nation by a neurologist specializing in movement disorders.

Patients who met the inclusion/exclusion criteria were eligi-
ble for the study. The inclusion criteria were: Italian native lan-
guage, hearing threshold <20 dB HL for frequencies from 0.5 to
4 KHz, age between 18 and 65 years. Exclusion criteria included:
less than 3 months since last botulinum toxin injection, previous
laryngeal surgery, ongoing speech therapy, ongoing dopaminer-
gic therapy, inability to sustain phonation of sufficient duration
(>3 s), or perform sufficient rehearsal to measure vocal outcomes.
The research was conducted ethically in accordance with the
Principles for Medical Research Involving Human Participants,
and its later amendments or comparable ethical standards, con-
tained in the Declaration of Helsinki developed by the World
Medical Association (WMA) in 1964. Written informed consent
was obtained from all participants enrolled in the study.

Control Group
Individuals of both sexes, aged between 18 and 65 years

and with a typical voice, underwent an anamnestic interview by
an otolaryngologist to exclude any cognitive, speech, voice, and
neurological problems known at the time of the testing and an
audiometric examination to exclude hearing problems.

Sound Signal Capture
For each speaker, we collected both sustained emission of

the vowel /a/ and the connected speech by asking them to read a
phonetically balanced text, in quiet and in noisy surroudings.
Specifically, speakers were instructed to sustain the vowel /a/ for
at least 4 s at a comfortable pitch and loudness and to read, at a
conversational volume, a standardized phonetically balanced text
(“Il Deserto”37). The duration of the reading was about 1 min.
For the LT, each subject was exposed to speech white noise
(SWN)38,39 through worn open-air headphones. Noise intensity
was 80 dB SPL.40,41 Speech samples were recorded using a Sam-
son Meteor microphone (Samson Technologies Corp, Hauppauge,
New York) that was digitized at a sampling rate of 44.1 kHz with
a resolution of 16 bits using the PRAAT software (version
6.2.01—November 17, 2021; Boersma P, Weenink D). Voice
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recordings occurred in a quiet room with ambient noise less than
35 dB SPL. The microphone was positioned at a distance of
10 cm from the lips at an angle of 45�–90� to the front of the
mouth. The speech samples were saved in WAV format for later
analysis.

Aerodynamics Measures, Auditory-Perceptual
Assessment, and Acoustic Analysis

The maximum phonation time (MPT) was obtained by ask-
ing the patient to sustain the vowel /a/ as long as possible on a
single breath. The longest of three attempts was calculated as
the MPT (seconds).42

From both the middle 3 s of the sustained vowel /a/ and the
speech sample, we obtained: Mean Pitch (Hz), Minimum and
Maximum Intensity (dB SPL). Moreover, from each speech sam-
ple we extracted the following acoustics parameters reported in
the Voice Report automatically calculated by the PRAAT soft-
ware: the Fraction of Locally Unvoiced Frames (fraction of pitch
frames analyzed as unvoiced), the Number of Voice Breaks (all
inter-pulses intervals longer than 16.6667 ms), and the Degree of
Voice Breaks (%) (the total duration of the breaks between the
voiced parts divided by the total duration of the analyzed part of
the signal43–46). Finally, we calculated the Cepstral Peak
Prominence-Smoothed (CPPS) (dB) value from the most stable
3 s of the vocalization and from the initial 48 syllables of the
reading task using the PRAAT script described by Maryn et al.47

CPP is an acoustic measure of speech quality which represents
the distance between the first rahmonic peak and the point with
equal quefrency on the regression line through the smoothed
cepstrum, where a cepstrum is is the Fourier Transform of the
logarithm of the signal’s power spectrum.47 The more periodic a
voice signal, the more well-defined the harmonic configuration in
the spectrum (i.e., the more harmonic the spectrum), and, conse-
quently, the more the cepstral peak will be prominent. Subse-
quently, the CPP signal was smoothed by averaging the cepstral
magnitude across frequencies and time.47 The smoothed measure
of CPP referred to as the CPPS is strongly correlated with the
overall dysphonia severity.48 In our analyses, speech signals
were broken into “voiced” and “voiceless” segments and CPPS
values were derived only for the “voiced” periods.

Blind perceptual evaluation, using the Grade—Rough-
ness—Breathiness—Asthenia—Strain (GRBAS) scale49 was per-
formed on recorded voice samples (reading task of the
aforementioned text) by two speech therapists who were not
involved in patients’ voice care. Each recorded speech sample
was made anonymous and distributed randomly to the raters.

The MPT, the perceptual evaluation (GRBAS scale), and
the acoustic analysis were obtained in quiet condition and during
LT (SWN at 80 dB SPL delivered through worn open-air
headphones).

Self-Perceptual Assessment
All speakers were asked to fill the OMNI Vocal Effort Scale

(OMNI-VES),50 which is a validated tool for rating self-perceived
voice-related exertion in people with AdLD. The OMNI-VES is a
pictorial description of the scale to accompany the 0 to 10 equal
intervals of gradual increase in vocal effort. The OMNI-VES was
administered in quiet condition and during LT.

Gain
For Fraction of Locally Unvoiced Frames, Number of Voice

Breaks, Degree of Voice Breaks, and OMNI-VES score we calcu-
lated the gain as the difference between each parameter obtained
under quiet condition and during the Lombard test.

Statistical Analysis
Data were collected and analyzed using Excel® 2016

(Microsoft, Redmond, WA, USA). Statistical analysis was per-
formed using XLSTAT software version 2021.1. Continuously
distributed outcomes were summarized as the mean plus or
minus (�) one standard deviation (SD) and categorical outcomes
with frequencies and percentages. Quantitative data were com-
pared using t-tests. The Chi-squared test was used for categorical
variables. The significance level was set at 0.05.

RESULTS
Among 12 AdLD patients that met the inclusion

criteria, two (16.7%) were excluded because of the inabil-
ity to sustain phonation of sufficient duration. Therefore,
final sample of patients with AdLD was composed of
10 patients (9 F: 1 M) 56.0 (SD = 10.3) mean years old.

The 10 control participants (9 F: 1 M) had a mean
age of 52.1 (SD = 6.9) years. Statistical analyses showed
no significant difference in the age between AdLD and
control groups (p > 0.05).

In the AdLD group, the mean MPT in quiet condi-
tion was 6 s (SD = 3.5) and increased significantly to 10 s
(SD = 6.4) in noise condition [t (18)= � 1.70, p = 0.007].
In the control group the mean MPT was 11 s (SD = 6.9)
and did not significantly change in noise [12 seconds
(SD = 7.7) – t (18)= � 0.39, p = 0.22].

In the AdLD group during the LT, perceptually the
voice improved mainly because of the decrease in strain
and roughness (Table I). The distribution of responses
across scores was significantly different (p < 0.05) for the
number of speech recordings with an overall severe

TABLE I.
Prevalence of the Scores for Each Parameters of GRBAS Scale Used to Assess the Speech Quality With and Without Auditory Masking in the

Adductor Laryngeal Dystonia Group.

Lombard Effect OFF Lombard Effect ON

G R B A S G R B A S

Score 3 5 (50%) 0 (0%) 0 (0%) 0 (0%) 5 (50%) 1 (10%) 0 (0%) 0 (0%) 0 (0%) 1 (10%)

Score 2 5 (50%) 5 (50%) 0 (0%) 0 (0%) 4 (40%) 4 (40%) 2 (20%) 0 (0%) 0 (0%) 4 (40%)

Score 1 0 (0%) 5 (50%) 0 (0%) 0 (0%) 0 (0%) 5 (50%)* 6 (60%) 0 (0%) 0 (0%) 5 (50%)*

Score 0 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 2 (20%) 0 (0%) 0 (0%) 0 (0%)

*“Masking ON” versus “masking OFF,” p < 0.05.
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dysphonia (G score = 3) and for the ones with severe
strain (for both 5 vs. 0 –χ2 = 6.67, p = 0.009). In the con-
trol group we included speakers with typical voice, then
for all the participants the overall grade of dysphonia and
each other parameter of GRBAS was 0 before the LT
and did not change during LT.

The results of the acoustic analysis for AdLD and
control group are shown in Tables II and III.

During the LT the sustained vowel /a/ was signifi-
cantly louder and higher pitched in subject with typical
voice and in patients with AdLD (Table II). For both
groups we observed a significant increase in the mean
pitch [t (18)= � 2.56 p = 0.0065 (case group); t (18)
= � 1.30 p = 0.0097 (control group)], minimum intensity
[t (18) = �3.47 p = 0.0049 (case group); t (18) = � 4.70
p = 0.000057 (control group)] and maximum intensity
[t (18) = �4 p = 0.0013 (case group); t (18) = �4.90
p = 0.000058 (control group)]. The mean overall CPPS
measure (dB) obtained from the sustained vowel /a/ under
LE in the AdLD group was significantly higher than the
one recorded in the quiet condition [14.6 (SD = 2.5)
vs. 16.9 (SD = 1.9) – t (18) = �2.33 p = 0.0011]. In the
control group the CPPS did not differ with and without
audio vocal feedback [17.3 (SD = 1.1) vs. 18.2 (SD = 1.5)
– t (18) = 0.084, p = 0.45]. The change of each acoustic
parameter observed during vocalism under LE in patients
with AdLD did not differ if compared with the gain
recorded in subject with typical voice. In the AdLD group
the mean gains of each parameter were significantly
greater than the ones of the control group (Table III). In
both groups the acoustic analysis performed on connected
speech during LT showed a significant increase in the
mean pitch [t (18) = �3.20 p = 0.00053 (case group);
t (18) = �3.97 p = 0.00025 (control group)], minimum
intensity [t (18) = �6 p = 0.000079 (case group); t (18)
= �2.60 p = 0.0047 (control group)] and maximum inten-
sity [t (18) = �4.30 p = 0.00033 (case group); t (18)
= �5.60 p = 0.000077 (control group)]. On the other hand
the Fraction of Locally Unvoiced Frames [t (18) = 1.99
p = 0.0003 (case group); t (18) = 1.50 p = 0.014 (control
group)], the Number of Voice Breaks [t (18) = 1.89
p = 0.001 (case group); t (18) = 1.28 p = 0.025 (control
group)], and the Degree of Voice Breaks [(t (18) = 2.14
p = 0.0003 (case group); t (18) = 1.49 p = 0.018 (control
group)] decreased significantly while the mean overall

CPPS measure [t (18) = �5.08 p = 0.00015 (case group);
t (18) = �2.70 p = 0.000017 (control group)] was signifi-
cantly higher than the one recorded in the quiet
condition.

The mean OMNI-VES score obtained in the quiet
condition was 5.4 (SD = 2.8), and the one during LT was
3.8 (SD = 2.4) with a mean improvement of 1.6 [t (18)
= 1.37, p = 0.00027]. In the control group no patients
complained of effort during the speech before LT and this
result did not change during LT. The mean gain of
OMNI-VES score calculated in the AdLD was signifi-
cantly higher than the one recorded in the control group
[1.6 (SD = 1.0) vs. 0 (SD = 0) – t (18) = 5.24,
p = 0.00027].

DISCUSSION
This preliminary study demonstrates that the main

acoustic effects of the Lombard test on the voice of
patients with AdLD are those expected in subject with
typical voice. Subjectively perceived effort and auditory-
perceptual severity of dysphonia in AdLD patients under
Lombard effect improved significantly. Furthermore, dur-
ing the Lombard test we obtained a greater improvement
in speech acoustic parameters in patients with AdLD
compared to the change measured in the control group.

AdLD is more severe in connected speech as rapid
transitions between voiced and unvoiced sounds are
required.51 To confirm this, our findings showed that, in
the quiet condition, the average CPPS values obtained
from the sustained vowel /a/ were higher than those
extracted from the connected speech samples.

During the Lombard test we observed in both groups
a significantly louder voice with higher pitch. It is known
that the increase of loudness and pitch require medial
compression of the vocal folds with consequent improve-
ment in glottal closure and signal periodicity, as con-
firmed by a higher value of CPPS, a higher number of
voiced segments and less voiced breaks. The improve-
ment of CPPS in presence of background noise was signif-
icant in the AdLD regardless of the voice use.
Furthermore, during the speech task the periodicity of
the signal improved more in the patients with AdLD com-
pared to subject with typical voice.

TABLE II.
The Mean Values of Acoustic Parameter Related to the Vocalism /a/ Recorded Without Auditory Masking and With Auditory Masking in Both

Control and Case Groups.

Vocalism – /a/

Control Group Case Group

Lombard
Test OFF

Lombard
Test ON Gain

Lombard
Test OFF

Lombard
Test ON Gain

Mean pitch (Hz) 208.4 � 34.5* 233 � 49.7 24.6 � 27.4 199.8 � 45.6* 244.3 � 30.6 44.4 � 45.6

Minimum intensity (dB) 73.1 � 5.1*,† 82.9 � 4.1† 9.7 � 4.7 66.8 � 6.3* 75.7 � 5.1 12.8 � 13

Maximum intensity (dB) 76.0 � 4.7*,† 85.9 � 4.2† 9.9 � 4.8 73.0 � 4.7* 82.1 � 5.3 9 � 6.9

Cepstral peak prominence-smoothed
(dB)

17.3 � 1.1 18.2 � 1.9 0.06 � 1.4 14.6 � 2.5* 16.9 � 1.9 1.65 � 1.6

*Masking OFF versus ON in each group = p < 0.05.
†Significant difference between control versus case group (p < 0.05).

Laryngoscope 00: 2024 Marchese et al.: Lombard Effect in Adductor Laryngeal Dystonia

4

 15314995, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/lary.31491 by U

niversity C
attolica, Piacenza, W

iley O
nline L

ibrary on [12/05/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



The multiparametric approach we adopted to assess
dystonic voices was motivated by the multidimensional
nature of voice quality and the fact that it is not related
to a single physical variable or a single psychoacoustic
determinant.52 The inclusion of other outcome measures,
such as GRBAS, provided an additional marker of the LT
effect. In our cases, the overall severity of dysphonia and
the vocal effort improved significantly.

Bond et al.53 observed that Lombard test increases
the vocal effort in four speakers with typical voice. Never-
theless, our controls reported no strain during the test.
On the contrary, in the AdLD group, the presence of back-
ground noise seemed to effectively reduce self-reported
vocal effort and similarly decrease the effort perceived by
the expert listeners. This result is probably consistent
with the typical feature of AdLD described by Ludlow
et al.54 for which the strain decreases at a higher pitch.

In summary, we can first assume that on the one
hand an increase in background noise leads to LE
(increase in vocal amplitude and pitch) which directly
induces changes in acoustic parameters55 and secondarily
leads to changes in AdLD symptoms, as symptoms are
reduced when speaking at higher pitches or at greater
intensity.56 Secondly, our results might be related to the
alteration of auditory feedback due to the background
noise with reducing the (peraphs maladaptive) effects on
laryngeal motor control.

Guiry S et al.57 interestingly demonstrated that in
AdLD patients, the least affected types of vocal produc-
tion were innate vocalizations, voiced and voiceless,
including crying, laughing, and yawning. In contrast,
learned vocal behavior, (i.e., speech), is selectively
affected by the disease. This separation in AdLD symp-
tomatology is explained by selective alterations of neural
circuits that control learned but not innate vocal behav-
iors. One of the main interpretations of the LE is that it
is a physiological audio-phonatory reflex.58 Thanks to
compensatory strategies involuntarily evoked by the LE,
selective alterations of the neural circuits that control the
learned vocal behaviors may be avoided, leading to a
decrease in voice breaks during speech.

However, there is currently conflicting evidence
regarding the contribution of subcortical and cortical net-
works to the Lombard effect. There is compelling data to
suggest that cortical processes participate with a modula-
tory role in the LE.31 Based on the state feedback control
model the sensorimotor systems issue commands to acti-
vate muscle groups that result in behaviors such as
speech production. Because sensory feedback is delayed
and the external sensory environment can be noisy, motor
control is primarily achieved through forward predic-
tion.59,60 In our sample, LE had a positive impact on the
speech task, which is the one most affected by AdLD, due
to the greater difficulty in controlling the laryngeal mus-
cles.61 The changes associated with Lombard speech
observed in the patients affected by LD may suggest
intrinsic differences in integrating auditory information
with speech motor control with a transient modulation of
the sensorimotor integration like it was a “sensory trick.”

The mean baseline of MPT obtained in our AdLD
group was lower than the typical, possibly due to the
lower respiratory pressure employed as a strategy to
improve voice quality. The presence of noise significantly
improved the MPT duration in the patients with AdLD,
suggesting the impact of self-monitoring in voice adjust-
ment based on auditory feedback.

Overall, our results support the role of auditory feed-
back in the self-adaptation of voice in subjects affected by
AdLD. We first observed a multiparametric beneficial
effect of Lombard effect on voice quality in patients with
AdLD. Previously only McColl et al.62 studied the reac-
tion of the AdLD speakers to the noise obtaining a reduc-
tion of perceptual speech intelligibility. The study
included four patients assessed with a VAS scale, but it is
possible that the noise affected the listeners. The lis-
teners in our study did not hear the speech noise but only
the recorded voice.

Based on our evidence, the research on the role of the
auditory system in AdLD is of paramount importance to
provide new knowledge on the pathogenesis of the disease
that can guide conservative treatment, providing, for exam-
ple, the basis for defining a specific vocal therapy protocol.

TABLE III.
The Mean Values of Acoustic Parameter Related to the Speech Obtained by Reading a Phonetically Balanced Text Without Auditory Masking

and With Auditory Masking in Both Control and Case Groups.

SPEECH—Text Phonetically Balanced

Control Group Case Group

Lombard
Test OFF

Lombard
Test ON Gain

Lombard
Test OFF

Lombard
Test ON Gain

Mean Pitch (Hz) 185 � 17.9 218 � 19.4 34.8 � 19.7 188.7 � 22.8 223.1 � 25.6 35.5 � 24.3

Minimum intensity (dB) 44.2 � 2.3 47.7 � 3.6 3.9 � 3.3 12.1 � 5.5 30.9 � 8.15 18.8 � 9.6

Maximum intensity (dB) 79.3 � 2.7 86 � 2.5 6.6 � 3.4 77.5 � 2.7 84.5 � 4.3 7 � 4.4

Fraction of locally unvoiced frames 18.9 � 7.0*,† 14.7 � 5.3† �4.18 � 5† 38.2 � 10.7* 30.0 � 7.3 �8.2 � 5

Number of voice breaks 8.9 � 2.4*,† 7.5 � 2.5† �1.4 � 1.9† 133.5 � 36.4* 108.4 � 21 �25 � 18.7

Degree of voice breaks (%) 20.7 � 7.5*,† 16.0 � 6.3† �4.62 � 5.9† 41.7 � 11.6* 32.2 � 7.8 �9.5 � 5.8

Cepstral peak prominence-smoothed
(dB)

12.5 � 1.3* 14.0 � 1.1 1.48 � 0.6† 9.61 � 1* 11.51 � 0.7 2.3 � 0.4

*Masking OFF versus ON in each group = p < 0.05.
†Difference between control versus case group = p < 0.05.
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Despite its strengths, the limitation of this study is
the small number of patients with AdLD to confirm the
results. Moreover, further researches are necessary to
compare the effects of alteration of the auditory feedback
on different degrees of AdLD.

CONCLUSION
The increase in background noise provided a subjec-

tive, perceptual-auditory, and acoustic beneficial effect on
voice quality in patients with AdLD, suggesting a possible
role of auditory feedback in self-monitoring and voice reg-
ulation and prompting inspiration for future research on
the pathogenesis of the disease and on new therapeutic
perspectives in the rehabilitation field.
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