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Abstract.

BACKGROUND: Although there are articles and studies that associate postural changes with changes in vocal quality, to
the best of our knowledge, this was the first study investigating the association between balance disorders and voice.
OBJECTIVE: This study aimed to determine whether patients with balance disorders present any clinical, acoustic, or
endoscopic vocal changes, and if the correction of balance impairments, such as through vestibular rehabilitation, lead to
improvement in vocal quality.

METHODS: This was a prospective cohort study that analyzed vocal differences (clinical, videoendostroboscopic, audio-
perceptual, and acoustic vocal parameters) in a sample of 43 patients with vestibular dysfunction at three different time
points (pre-treatment, post-treatment, and 3 months’ post-treatment) diagnosed by videonystagmography with changes in
computerized dynamic posturography who were treated with vestibular rehabilitation.

RESULTS: In pre-treatment, all of the patients presented supraglottic hyperfunction during videoendoscopic examination
and abnormal values in the audio-perceptual scale. After treatment for balance disorders, there was a statistically significant
improvement in some parameters of the videoendoscopic and audio-perceptual measures. These improvements were detected
immediately after treatment and remained present until at least three months after treatment.

CONCLUSIONS: The results suggested that the treatment for balance disorders results in changes in posture and conse-
quently in voice quality.
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1. Introduction ratory system, the abdominal muscles, and pelvis,
adequate functioning of the larynx, and a good vocal

The need for good postural alignment in order resonating capacity [39, 40]. Coordinated function

to have good vocal production is consensual in the
scientific literature [22, 39, 40, 50]. Excellent vocal
production depends on good function of the respi-
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of all of these components is necessary to achieve
good vocal production, and all of these factors are
significantly influenced by the relative position of the
thoracic cage, larynx, and resonating apparatus.
Book chapters and studies have suggested that
exercises and postural techniques achieve improve-
ment in vocal quality in those who use their voices
professionally [9, 26, 27, 30, 39, 44, 45, 50, 52].
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The methods used in these studies are fundamen-
tally observations and alterations of bodily posture
during vocalization of the spoken or sung voice,
in some cases with objective verification of vocal
quality improvement using acoustic parameters [45].
These reports have been valuable in confirming an
anatomical-functional relationship between postural
alignment and phonation. However, they have lim-
itations such as lack of standardized measurements
of posture, different diagnostic methods, misunder-
standing of postural alteration classifications, and
lack of control of voluntary body movements associ-
ated with speech and singing.

The need for objective results led a group of
researchers [13, 14, 17, 28] to conduct several stud-
ies of normal, healthy individuals during vocal effort,
defining quantitative postural parameters. They used
a static posturography platform that enabled them to
objectively describe postural head and trunk changes
of normal subjects during vocal effort [28].

To adopt and sustain a normal body posture, it is
necessary to gather sensorial information from the
visual and proprioceptive systems and the vestibular
apparatus; the integration of that information by the
central nervous system and its specific response is
directly dependent on an adequate musculoskeletal
response [15].

In 2010, a study was published evaluating patients
with vocal pathology using for the first time com-
puterized dynamic posturography (CDP) [30]. This
technique not only allows for a biomechanical per-
spective but also for a broader vision, and takes
into account vestibular, visual, and proprioceptive
sensorial inputs. The authors concluded that after
vocal rehabilitation, patients demonstrated signifi-
cant gains in the vestibular component of balance. It
is apparent that alterations in the technique used for
the vocal production of sound are associated with spe-
cific postural changes, not only in the cervical region
and larynx but also in global posture [9, 30, 32, 42].

The goal of this study is to verify whether patients
with balance disorders present any clinical, audio-
perceptive, acoustic, or endoscopic vocal changes
(even if asymptomatic or unperceived) and if better
balance improves vocal quality.

2. Materials and methods

This prospective cohort study recruited 50 patients
and was carried out between 2014 and 2017. It took
place at the ear, nose and, throat department of Hos-
pital CUF Infante Santo, Lisbon, Portugal.

Patients older than 18 years who had changes
compatible with unilateral or bilateral vestibular
dysfunction on caloric tests during videonys-
tagmography (VNG Ulmer Synapsys), who had
somatosensory, visual, or vestibular changes on CDP
(SMART EquiTest; Neurocom, Clackamas, OR,
USA), and had been treated with vestibular rehabili-
tation were recruited consecutively.

Patients with acute ear, nose, and throat patholo-
gies (rhinosinusitis, pharyngitis, and/or laryngitis)
or who underwent vocal rehabilitation at any time
(speech therapy) were excluded. Subjects with diag-
nosed or suspected Méniere’s disease, with bilaterally
absent caloric response, or with criteria suggestive
of central nervous system pathology at videonystag-
mography (spontaneous non-peripheral nystagmus;
changes in saccadic, pendular, or optokinetic tests; or
changes suggesting central nervous system patholo-
gies in the caloric tests) were also excluded.

Patients with CDP values for postural control after
treatment equal to or worse than before treatment
(without improvement after vestibular rehabilitation)
were also excluded.

This study was approved by the Ethics Research
Committee of Hospital Cuf Infante Santo and Nova
Medical School/Faculty of Medical Sciences, and
written informed consent was obtained from all of
the participants before study enrollment. All of the
procedures were performed in accordance with the
1964 Declaration of Helsinki.

2.1. Vestibular rehabilitation

This treatment consisted of rehabilitating maneu-
vers, optokinetic stimulation, and postural treatment
with CDP. The treatment was always performed by
the same otolaryngologist in the hospital. The patients
did not take any medication to treat balance during
treatment and did no exercises at home. A unilateral
or bilateral rehabilitating maneuver was performed
for the patients who presented a positive Dix-Hallpike
test on videonystagmography. If the patients had a
bilateral positive Dix-Hallpike test, the two rehabil-
itating maneuvers were performed one week apart.
Treatment with optokinetic stimulation took place
one week after the maneuver, after confirmation of
a negative Dix-Hallpike test.

Treatment with optokinetic stimulation consisted
of five sessions over five consecutive days.

Postural treatment with CDP consisted of five ses-
sions every other day starting three weeks after the
end of the optokinetic stimulation treatment. Postu-
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ral treatment with CDP was administered to patients
with severe equilibrium deficits.

Three weeks after the end of the treatment, all of
the patients underwent CDP for postural control.

The performance of the treatment was evaluated
through the assessment of the composite equilibrium
score of the CDP sensory organization test.

The sensory organization test (SOT) was con-
ducted on a CDP platform. During the SOT, the
patients were instructed to maintain an upright stance
and look straight ahead during three trials of 20 sec-
onds each under six different conditions (1: eyes open
and stationary platform; 2: eyes closed and stationary
platform; 3: eyes open with visual surround moving
and stationary platform; 4: eyes open and moving
platform; 5: eyes closed and moving platform; and 6:
eyes open with visual surround moving and moving
platform). The equilibrium score was calculated by
comparing the patient’s antero-posterior sway during
each trial to the maximal theoretical sway limits of
stability (based on the individual’s height and the size
of the support base) [34].

The somatosensory contribution to postural control
(SOM) was calculated using the ratio of condition 2
to condition 1, the visual contribution (VIS) was rep-
resented by the ratio of condition 4 to condition 1, and
the vestibular contribution (VEST) was represented
by the ratio of condition 5 to condition 1. The ability
to rely on visual orientation cues for postural control,
or visual preference (PREF), was evaluated by the
ratio of the sum of conditions 3 and 6 to the sum of
conditions 2 and 5.

The composite equilibrium score was automati-
cally calculated by independently averaging the three
scores for conditions 1 and 2, adding these two mean
scores to the three equilibrium scores from each trial
of sensory conditions 3, 4, 5, and 6, and dividing the
sum by 14 (the total number of trials) [34].

2.2. Voice assessment

A multidimensional clinical voice analysis
(videoendostroboscopic, audio-perceptual, acoustic,
and patient reported outcome measure of voice hand-
icap parameters) was conducted at three different
time points: before treatment (Pre), on the same day
as the postural control by CDP three weeks after the
end of the treatment (Short term), and three months
after treatment (Long term).

A detailed history and physical ear, nose, and
throat examination were obtained for each subject.
All of the patients were asked about vocal com-

plaints, vocal habits (hydration, smoking, and vocal
effort), presence of nasal pathology related to the
resonance apparatus, presence of laryngopharyngeal
reflux, gastroesophageal reflux, or gastric pathology,
and presence of osteoarticular pathology or any limb
mobility limitation.

All of the participants received the Voice Handicap
Index 30 (VHI) form translated and validated into
Portuguese [18].

Videoendostroboscopic ~ exams  (Kay-Pentax
9100B, Kay-Pentax 70° SN-2576 rigid laryngoscopy,
and Pentax VNL-1170K nasopharyngolaryn-
goscopy) before and after the vestibular rehabilitation
were performed by the same physician using the
same diagnostic protocol. This protocol included a
videoendoscopic/neurolaryngeal evaluation (assess-
ment of vocal fold mobility and coordination, false
vocal fold constriction and use of accessory muscles
of phonation) performed in all patients with a flexible
laryngoscope to ensure that mobility dysfunction was
diagnosed in the physiological laryngeal position.
The examination included an observation of the
larynx at rest and during inspiration and expiration
and a set of repetitive phonatory tasks that allowed
the assessment of anatomical and motion asymme-
tries. All of the images were recorded and analyzed
by three ear, nose, and throat professionals with
experience in videoendostroboscopic evaluation.
The videos were presented in a random order.
The physicians were blinded about who the exam
belonged to and were unaware if the exams had
been performed before or after treatment. During the
evaluation, at least two of the physicians had to agree
on all of the videoendostroboscopic parameters. To
decrease inter-subject and intra-subject variability,
the use of the rating scales was discussed and
practiced before the beginning of the study. At the
end, the three physicians used the scales in the same
way. The evaluated parameters were antero-posterior
supraglottic hyperfunction and medial false vocal
fold constriction, vocal fold mobility (abduction,
adduction, and longitudinal tension), vocal fold
lesions and reflux finding score [S]. The vibratory
parameters judged were amplitude of vibration,
phase asymmetry and vocal fold closure. (see the
Appendix for details).

Vocal samples of all of the patients were recorded
in a silent room by speech therapists with experience
in voice assessment. A microphone (Electret Con-
denser CM-903) was attached to a computer to collect
the voice samples and was placed 15 cm from the sub-
ject’s lips. The participants were required to speak at
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a comfortable volume and pitch during the sustained
emission of vowels /a/, /e/, and /i/ for five seconds
and in a spontaneous speech for 60 seconds (the
patients were invited to speak freely about “What did
you do yesterday?”). Dr. Speech software (Version 4;
Tiger Electronics; Seattle, WA, USA) was used for
computerized acoustic vocal assessments. The vocal
parameters analyzed were the fundamental frequency
(FO) average, FO maximum, FO minimum, FO stan-
dard deviation, FO tremor, jitter, shimmer, normalized
noise energy, and harmonic-to-noise ratio.

The audio-perceptual assessment was conducted
using the same voice samples using the grade (G),
roughness (R), breathiness (B), asthenia (A), strain
(S), and GRBAS scale [32]. All of the parame-
ters were quantified through a 0-3 severity score
(0: absent, 1: mild, 2: moderate, and 3: severe) by
three professionals with experience in voice assess-
ment. The samples were presented in a random order.
The professionals were blinded about who the exam
belonged to and were unaware if the exams had been
performed before or after treatment. During the eval-
uation, at least two of the professionals had to agree
on all of the evaluated parameters.

2.3. Statistical analysis

An exploratory analysis was performed for age
(demographic variable), vestibular evaluation, each
GRBAS (G, R, B, A, S) parameter, acoustic assess-
ment, VHI, and videoendostroboscopic evaluation.
Categorical data were presented by median and
range [min and max] and continuous variables were
presented by median and interquartile range (Pas
and P75). An evaluation of the intra-observer and
inter-observer variability was performed for each
stroboscopic variable using the percentage of agree-
ment. Intra-observer variability resulted from the
analysis of the videoendostroboscopic exams of 10
patients at three different time points at least 24 hours
apart. To estimate the inter-observer variability, the
videoendostroboscopic exams of 10 patients were
observed at three different time points at least 24
hours apart by two different observers.

For the variables measured three times, pairwise
comparisons between Pre and Short term, Pre and
Long term, and Short term and Long term were
performed using the exact Wilcoxon matched-pair
signed-rank test or the sign test, as appropriate, with
a Bonferroni corrected significance level (¢ =0.017).
For the remaining variables measured at only two
time points (Pre and Short term), the same test

was conducted considering a level of significance
a=0.05. All of the statistical analyses were per-
formed using SPSS 23 [21].

3. Results
3.1. Sample characterization

From the 50 recruited patients, two did not attend
the post-treatment evaluation and five did not improve
with vestibular rehabilitation. The remaining 43
patients concluded the evaluation pre-treatment and
immediately post-treatment, and 36 patients were
evaluated three months after the end of the treat-
ment. The patients were between 37 and 89 years
old, with a mean of 63.3 (2.1) years, and 36 (83.7%)
were women.

3.2. Vestibular evaluation

In the initial VNG evaluation, 29 (67.4%) had
unilateral hyporeflexia and 14 (32.5%) had bilateral
hyporeflexia. A positive Dix-Hallpike test was found
in 62.7% (n=27) of the sample.

In the CDP evaluation, the SOT revealed abnormal
results in 32.6% (n = 14) in the SOM, 86.0% (n=37)
in the VEST, 55.8% (n=24) with low scores in the
VIS, and 30.2% (n = 13) with low scores in the PREF.

Eight patients (18.6%) had abnormal center of
gravity alignment (COG).

Patients with a positive Dix-Hallpike test (n=27)
did the Epley maneuver [15] in all cases. All of the
patients were treated with optokinetic stimulations
and performed CDP for postural control three weeks
after the end of the treatment (n =43). Postural treat-
ment with CDP was performed in 14 patients.

All of the study participants improved their com-
posite scores after treatment (median Pre=47.0
[37.0, 60.0] and median Short term=78.0 [68.0,
81.0]; p<0.001). Five patients had no improvements
in their composite scores and were excluded from the
study.

Of the 43 patients who had improved balance
with the rehabilitation treatment, the most signifi-
cant improvement was in the VEST (n=29, 78.4%,
p<0.001). In the SOM, 78.6% of the patients
improved (n=11, p=0.001), and in the VIS, 91.7%
improved (n=22, p<0.001). None of the patients
had lower VEST, VIS, or SOM scores after treat-
ment. Of the 30.2% with low PREF scores, 92.3%
(n=12, p=0.077) had improved scores; however,
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VOCAL COMPLAINTS
n=43
No complaints 25 (58.1%)
Choking 2 (4.7%)
Pain 4(9.3%)
Pitch disturbances 3 (6.8%)
Volume disturbances 7 (16.3%)
Vocal fatigue 5(11.6%)
Dysphonia 16 (37.2%)

Fig. 1. Clinical voice assessment. Pitch disturbance: complains of
achieving low or high pitch during phonation. Volume disturbance:
difficulty in increasing intensity/loudness of voice.

four patients with initial normal PREF scores had
lower scores after treatment, which represents a clin-
ical improvement as these patients had null vestibular
components before treatment.

No differences were found in the COG evaluation
with 18.6% (n=8) and 14.0% (n=6) with abnor-
mal results before and after treatment, respectively
(=0.791).

3.3. Voice assessment

Patient clinical history revealed vocal complains
such as dysphonia, vocal fatigue, or difficulty in
increasing voice intensity in 41.8 % of the patients
(n=18) (Fig. 1).

Data concerning the patients’ lifestyles (smoking,
hydration habits, and chronic medication) were col-
lected and the patients confirmed that these habits
remained unchanged during the whole study period.

Nineteen patients (44.2%) presented known gastric
pathology diagnosis with no clinical symptoms, and
12 (28.0%) patients presented known osteoarticular
pathology; none had any kind of mobility limitation.

3.3.1. Voice handicap index evaluation

Although no statistically significant differences
were found in the VHI evaluation (Pre vs Short term:
p=0.843; Pre vs Long term: p = 0.103; and Short term
vs Long term: p=0.071), a slight decrease in this
index was observed as shown in Fig. 2.

3.3.2. Audio-perceptual measures

Intra-observer reliability for audio-perceptual vari-
ables ranged from 70% to 100% (G-70%-100%;
R- 70%-90%; B- 70%-80%; A- 70%-90%; S-
70%—80%) and inter-observer reliability ranged from

: |
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median=9.5
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Fig. 2. VHI distribution at the study time points.

70% to 100% (G-70%-100%; R- 70%-90%; B-
70%-100%; A- 70%—-80%; S- 70%— 80%).

The results of the audio-perceptual measures are
shown in Table 1. The scores of each GRBAS param-
eter were considered independently for each vowel
and in spontaneous speech.

In the G, R, and B parameters, significant differ-
ences were found in all of the vowels (/a/, /e/, and
/i), in spontaneous speech between pre-treatment and
short term evaluations, and between pre-treatment
and long term evaluations. No differences were found
between short term and long term period.

The results of the A parameter showed significant
differences between pre-treatment and three months
after treatment evaluation in the vowels /a/, /e/, and /i/
and spontaneous speech and between pre-treatment
and short term in the vowel /e/ and spontaneous
speech.

In the S parameter, significant differences were
found in all of the intervals in the vowel /a/, in the
“pre- Short term” interval, and in the “pre-Long term”
interval for the vowels /e/ and /i/. In spontaneous
speech, significant differences were found only in the
“pre-three months after treatment” interval.

3.3.3. Videoendostroboscopy evaluation

The intra-observer reliability for the stroboscopic
variables ranged from 80% to 100%, and the inter-
observer reliability ranged from 70% to 100%
(Table 2).

Inthe videoendoscopic evaluation, statistically sig-
nificant differences were found in anteroposterior
supraglottic hyperfunction (SHAP) and in medial
false vocal fold constriction (SHL), with improve-
ments in these two parameters. In SHAP, differences
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Table 1
Comparison of GRBAS parameters between all of the study time points
GRBAS Median p-value
Pre [min, max] Short term Long term Pre-Short term Pre-Long term Short term-
[min, max] [min, max] interval interval Long term Interval

G, 2.0[0.0, 3.0] 1.0 [0.0, 2.0] 1.0 [0.0, 3.0] <0.001 <0.001 0.077
Ge 2.0[0.0,3.0] 1.0 [0.0, 2.0] 1.0 [0.0, 3.0] <0.001 <0.001 1.000
Gi 1.0 [0.0, 3.0] 1.0 [0.0, 2.0] 1.0 [0.0, 2.0] 0.003 0.006 0.337
Gis 1.0 [0.0, 2.0] 1.0 [0.0, 2.0] 1.0 [0.0, 2.0] <0.001 <0.001 0.791
Ra 2.0[0.0, 3.0] 1.0 [0.0, 2.0] 1.0 [0.0, 3.0] 0.001 0.001 0.108
Re 1.0 [0.0, 3.0] 1.0 [0.0, 2.0] 1.0 [0.0, 3.0] <0.001 <0.001 1.000
R; 1.0 [0.0, 3.0] 1.0 [0.0, 2.0] 1.0 [0.0, 2.0] <0.001 <0.001 0.629
Rgs 1.0 [0.0, 2.0] 1.0 [0.0, 2.0] 1.0 [0.0, 2.0] <0.001 <0.001 0.754
B, 2.0[0.0,3.0] 1.0 [0.0, 2.0] 1.0 [0.0, 2.0] <0.001 <0.001 0.072
Be 1.0 [0.0, 3.0] 1.0 [0.0, 2.0] 1.0 [0.0, 2.0] <0.001 <0.001 0.581
B; 2.0[0.0,3.0] 1.0 [0.0, 2.0] 1.0 [0.0, 2.0] 0.001 <0.001 0.337
By 1.0 [0.0, 2.0] 0.0 [0.0, 2.0] 0.0 [0.0, 2.0] 0.004 0.001 0.065
A, 1.0 [0.0, 3.0] 1.0 [0.0, 2.0] 0.0 [0.0, 2.0] 0.133 0.004 0.044
Ae 1.0 [0.0, 3.0] 1.0 [0.0, 2.0] 0.0 [0.0, 2.0] 0.012 0.002 0.359
Aj 1.0 [0.0, 3.0] 0.0 [0.0, 2.0] 0.0 [0.0, 2.0] 0.021 <0.001 0.273
Ags 1.0 [0.0, 2.0] 0.0 [0.0, 1.0] 0.0 [0.0, 1.0] <0.001 <0.001 0.688
Sa 2.0[0.0, 3.0] 1.0 [0.0, 2.0] 1.0 [0.0, 2.0] <0.001 <0.001 <0.001
Se 2.0[0.0,3.0] 1.0 [0.0, 2.0] 1.0 [0.0, 2.0] <0.001 <0.001 0.388
S; 2.0[1.0,3.0] 1.0 [0.0, 2.0] 1.0 [0.0, 2.0] <0.001 <0.001 0.180
Sss 1.0 [0.0, 2.0] 1.0 [0.0, 2.0] 1.0 [0.0, 2.0] 0.019 0.001 0.213

Results are expressed as p-values obtained by the exact Wilcoxon test or sign test. GRBAS scale. G: grade. R: roughness. B: breathiness. A:
asthenia. S: strain. a: vowel /a/. e: vowel /e/. i: vowel /i/. ss: spontaneous speech.

Table 2
Intra- and inter-observer reliability for stroboscopic variables
Stroboscopy Intra Inter
SHap 90 90
SHL 100 100
RVFpa 90 90
RVF,4d 100 100
RVFension 80 80
LVF,pa 100 100
LVF.44 90 90
LVFeension 90 90
RA1Ymov 100 100
LArymov 100 100
RFS 100 90
RVPF¢oior 90 90
LVFcolor 90 90
VFmnasses 100 100
Amplitude 100 80
Phase 100 100
Periodicity 100 100
Glottic closure 80 80
Vibratory functiongignt 80 70
Vibratory functiony e 80 70

Results are expressed as percentages. SHap: anteroposterior supra-
glottic hyperfunction. SHy : medial false vocal fold constriction.
RVF,pq: right vocal fold abduction. RVF,4q4: right vocal fold adduc-
tion. RVFension: right vocal fold longitudinal tension. LVFpq: left
vocal fold abduction. LVF,q44: left vocal fold adduction. LVFengjon:
left vocal fold longitudinal tension. RAry ey : right arytenoid joint
movement. LArymoy: left arytenoid joint movement. RFS: reflux
finding score. RVF qjor: right vocal fold color. LVF o : left vocal
fold color. VFp,sses: vocal fold masses. Amplitude: amplitude
symmetry. Phase: phase symmetry.

were found between the baseline and short term
time points (p<0.001), between the baseline and
three months after treatment (p < 0.001), and between
the short term and long term evaluation (p =0.004)
(Table 3).

As in SHAP, in SHL, significant differences were
also found between all of the time points (p <0.001,
p<0.001, and p=0.021, respectively) (Table 3).

The RFS did not show significant differences
between all of the time points (p =0.250, p=0.250,
and p=1.000, respectively).

No other differences were identified regard-
ing the remaining videoendostroboscopy parameters
(Table 3).

3.3.4. Acoustic analysis

In the acoustic analysis, no significant differences
were found for any of the tested variables (Tables 4
and 5).

4. Discussion
The association between body posture and voice is

consensual across the scientific literature and seems
to be established both ways.
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Table 3
Comparison of stroboscopic parameters between all of the study time points
Stroboscopy Median p-value
Pre [min, max] Short term Long term Pre-Short term  Pre-Long term Short term-
[min, max] [min, max] interval interval Long term Interval

SHap 1.0 [0.0, 2.0] 1.0 [0.0, 2.0] 0.0 [0.0, 2.0] <0.001 <0.001 0.004
SH, 1.0 [0.0, 3.0] 0.0 0.0, 2.0] 0.0 0.0, 2.0] <0.001 <0.001 0.021
RVFapa 1.0 [1.0, 2.0] 1.0 [1.0, 2.0] 1.0[1.0, 1.0] 1.000 1.000 1.000
RVFaq4 1.0 [1.0, 2.0] 1.0[1.0, 2.0] 1.0[1.0, 1.0] 1.000 1.000 1.000
RVFiension 1.0 [1.0, 2.0] 1.0 [1.0, 2.0] 1.0[1.0, 2.0] 0.125 0.250 1.000
LVFaba 1.0 [1.0, 2.0] 1.0 [1.0, 1.0] 1.0[1.0, 1.0] 1.000 1.000 1.000
LVF,44 1.0 [1.0, 2.0] 1.0[1.0, 1.0] 1.0 [1.0, 1.0] 1.000 1.000 1.000
LVFension 1.0 [1.0, 2.0] 1.0 [1.0, 2.0] 1.0[1.0, 2.0] 0.375 0.500 1.000
RAT1Ymov 1.0 [1.0, 2.0] 1.0[1.0, 2.0] 1.0 [1.0, 1.0] 1.000 1.000 1.000
LArymoy 1.0 [1.0, 1.0] 1.0 [1.0, 1.0] 1.0[1.0, 1.0] 1.000 1.000 1.000
RFS 0.0 [0.0, 1.0] 0.0 [0.0, 1.0] 0.0 0.0, 1.0] 0.250 0.250 1.000
RVFolor 1.0 [1.0, 2.0] 1.0 [1.0, 2.0] 1.0[1.0, 2.0] 0.250 0.625 1.000
LVFoior 1.0 [1.0, 2.0] 1.0[1.0, 2.0] 1.0[1.0, 2.0] 0.250 0.625 1.000
VFnasses 1.0 [1.0, 2.0] 1.0[1.0,2.0] 1.0 [1.0,2.0] 1.000 1.000 1.000
Amplitude 1.0 [1.0, 1.0] 1.0 [1.0, 1.0] 1.0[1.0, 1.0] 1.000 1.000 1.000
Phase 1.0[1.0, 1.0] 1.0[1.0, 1.0] 1.0[1.0, 1.0] 1.000 1.000 1.000
Periodicity 1.0 [1.0, 1.0] 1.0 [1.0, 1.0] 1.0[1.0, 1.0] 1.000 1.000 1.000
Glottic closure 1.0 [1.0, 2.0] 1.0 [1.0, 2.0] 1.0 1.0, 2.0] 0.625 1.000 1.000
Vibratory functiongigh 1.0 [1.0, 2.0] 1.0 [1.0, 2.0] 1.0[1.0, 2.0] 1.000 1.000 1.000
Vibratory functiony e 1.0[1.0, 2.0] 1.0[1.0, 2.0] 1.0[1.0, 2.0] 1.000 1.000 1.000

Results are expressed as p-values obtained by the exact Wilcoxon test or sign test. SHap: anteroposterior supraglottic hyperfunction. SHy :
medial false vocal fold constriction. RVF,pq: right vocal fold abduction. RVF,qq: right vocal fold adduction. RVFiension: right vocal fold
longitudinal tension. LVFypq: left vocal fold abduction. LVF,qq: left vocal fold adduction. LVFepgjon: left vocal fold longitudinal tension.
RArymoy: right arytenoid joint movement. LArypey: left arytenoid joint movement. RFS: reflux finding score. RVF qor: right vocal fold
color. LVF or: left vocal fold color. VFpsses: Vocal fold masses. Amplitude: amplitude symmetry. Phase: phase symmetry.

Table 4
Comparison of acoustic analysis parameters between all of the study time points
Acoustic Median p-value
analysis Pre [Pys, Short term [P35, Long term [P»s, Pre-Short Pre-Long Short term-Long
Pys] Pss] Pss] term interval term interval term interval

FO, 178.6 [156.2, 195.1] 176.8 [141.8, 200.4] 186.3 [171.4,205.4] 0.848 0.228 0.334
FO, 184.3 [161.3, 206.7] 178.1 [161.6, 213.2] 186.8 [162.6, 203.2] 0.683 0.787 0.523
FO; 200.5 [163.9, 229.3] 185.7 [168.1, 223.0] 203.3[172.4,225.2] 0.544 0.181 0.109
FOMax, 187.7 [162.1, 215.1] 186.1 [151.0, 221.1] 198.2 [178.4,213.9] 0.314 0.510 0.307
FOMax, 197.3 [170.7, 215.1] 188.5[172.1,219.1] 193.8 [167.5, 217.0] 0.503 1.000 0.774
FOMax; 208.0 [172.8, 236.1] 197.8 [176.6, 233.0] 212.0[179.3,237.1] 0.476 0.178 0.196
FOMin, 162.7 [135.3, 184.5] 170.9 [133.6, 187.7] 174.3 [153.8, 192.4] 0.464 0.105 0.367
FOMin, 178.2 [146.0, 200.0] 171.0 [147.9, 198.0] 180.0 [154.6, 193.6] 0.949 0.426 0.774
FOMin; 189.4 [154.6, 219.1] 172.6 [160.0, 217.8] 190.1 [165.8, 217.2] 0.577 0.196 0.081
FOSD, 3.2[2.0,4.3] 2.6[1.8,3.8] 2.82.3,3.9] 0.126 0.521 0.856
FOSD, 2.6 [2.0, 3.8] 2.5[1.7,3.5] 2.8 (2.0, 3.8] 0.636 0.606 0.961
FOSD; 2.5[1.7,3.9] 2.6 [2.1,3.4] 2.6[2.1,4.1] 0.815 0.863 0.603
FOT, 1.5[1.1,2.7] 1.4[1.0,2.3] 1.41[1.1,3.2] 0.518 0.739 0.784
FOT, 1.5[1.1, 2.6] 1.41[1.1,2.3] 1.3[1.0,2.1] 0.639 0.204 0.357
FOT; 1.2[1.0, 1.9] 1.5[1.1,2.4] 1.3[1.1, 1.9] 0.256 0.774 0.310

Results are expressed as p-values obtained by the exact Wilcoxon test or sign test. FO: fundamental frequency average. FOpay: fundamental
frequency maximum. FOpin: fundamental frequency minimum. FOsp: fundamental frequency standard deviation. FOr: fundamental frequency
tremor. a: vowel /a/. e: vowel /e/. i: vowel /i/.

Several published studies showed that using sev-
eral types of techniques and exercises to modify
bodily and cervical posture leads to an improvement
of vocal production, confirming that changes in pos-

ture lead to vocal changes [39, 40, 44, 45, 50].

However, vocal changes seem to lead to either
global or segmental postural changes [9, 30, 32].

Studies performed in healthy, normal subjects
showed that, during vocal effort, there are changes in

the head posture and in the cervical region, which lead
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Table 5
Comparison of acoustic analysis parameters between all of the study time points (continuation)
Acoustic analysis Median p-value
Pre [Pys, Short term [Pys, Long term [P»s, Pre-Short Pre-Long  Short term-Long
P7s5] P7s5] P7s5] term interval term interval term interval

T, 0.39 [0.24, 0.64] 0.29 [0.22, 0.44] 0.31[0.18, 0.56] 0.109 0.656 0.748
Je 0.29 [0.18, 0.48] 0.25[0.20, 0.37] 0.26 [0.20, 0.41] 0.070 0.585 0.117
Ji 0.19[0.15, 0.29] 0.20 [0.15, 0.33] 0.24 [0.15, 0.41] 0.780 0.413 0.963
Sh, 2.89[2.10, 4.49] 2.71[1.93,3.71] 2.93[1.58, 4.66] 0.439 0.574 0.332
She 2.01[1.29, 2.98] 2.28 [1.25, 2.83] 2.04 [1.34, 2.39] 0.654 0.836 0.956
Sh; 1.25[0.74, 1.79] 1.26 [0.9, 1.73] 1.27 [0.99, 1.48] 0.523 0.307 0.664
NNE, -8.67 [-12.75,-3.90] -8.67 [-13.05,-4.59] -10.42 [-16.29, —4.56] 0.997 0.447 0.097
NNE. -6.90 [-12.31,-2.82] -7.51 [-12.08,-4.76] -8.75[-13.21,-3.30] 0.164 0.092 0.876
NNE; -8.06 [-13.59, -4.49] -8.45[-11.99,-4.28] -8.44[-13.01,-4.50] 0.824 0.532 0.836
HNR, 20.85[17.12,24.67] 21.38 [19.35,25.01] 20.96 [18.31, 24.56] 0.583 0.554 0.235
HNR, 24.74 [19.94,28.25] 24.35[21.52,27.15]  25.18 [22.97, 26.06] 0.731 0.612 0.116
HNR; 29.07 [26.37,32.49] 27.66 [27.73,30.75] 28.46 [25.18, 30.04] 0.139 0.055 0.546

Results are expressed as p-values obtained by the exact Wilcoxon test or sign test. J: jitter. Sh: shimmer. NNE: normalized noise energy.
HNR: harmonic-to-noise ratio. a: vowel /a/. e: vowel /e/. i: vowel /i/.

to a deviation from the center of gravity, henceforth
causing changes in the bodily posture and balance of
the subjects [13, 14, 17, 28].

Studies conducted on static platforms of patients
with vocal changes or dysphonia also showed a set
of segmental (cervical and extra-laryngeal regions)
and global changes in posture (scapular and pelvic
region and ankles), with resulting unbalance of the
subjects. When these patients underwent vocal reha-
bilitation, there was an improvement in their postural
performance [32].

Nacci et al. [32] stressed the role of the propri-
oceptive system. In this process, the proprioceptive
laryngeal and extra-laryngeal inputs are integrated at
the level of the central nervous system and lead to a
compensatory motor response that can be responsible
for changes in posture and voice quality.

However, for the sustenance of correct balance
and posture, the central nervous system receives
sensorial information not only from the propriocep-
tive system but also from the visual and vestibular
systems [15].

In the scientific literature, there is only one study,
published in 2010, that uses dynamic posturography,
a technique that allows the evaluation of these com-
ponents [15]. In this study, patients with dysphonia
were evaluated before and after vocal rehabilitation.
After vocal therapy, the subjects adopted better vocal
projection strategies with a more efficient body align-
ment and improved visual and vestibular components
of balance.

The present investigation studied patients with
vestibular and proprioceptive alterations and evalu-
ated if there were measurable vocal changes after
vestibular rehabilitation. This group of patients

sought treatment at the hospital for balance disorders
only.

The results obtained after treatment proved the
efficacy of vestibular rehabilitation in this group
of patients. Regarding personalized balance treat-
ments, the success rate in the literature was between
50% and 80%, lower than that found in the present
study (89.6%) [8, 11, 12, 15, 25, 37, 38, 43,
47-49].

During the initial assessment, the highest rate of
change occurred in the vestibular component of the
balance and, therefore, it was not a surprise to verify
that this was the component that mostly improved as
a result of treatment.

The apparent worsening of PREF effectively rep-
resents a clinical improvement, as the patients in
question had a null vestibular component before treat-
ment.

The clinical evaluation confirmed that the patients’
vocal health habits did not change throughout the
study, ensuring that these factors did not interfere
neither with vocal quality or the interpretation of
the results. Likewise, specific pathologies that could
have interfered with the interpretation of the study
results, such as gastric or osteoarticular pathology,
were excluded.

Approximately 42% of the patients stated vocal
symptoms in their clinical history, although not per-
ceived as a vocal handicap, which may explain the
lack of significant results in VHI.

During the pre-treatment evaluation, it was ascer-
tained that the patients had different degrees of
supraglottic hyperfunction following videoendo-
scopic examination and presented changes in the
audio-perceptual scale analysis.
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After vestibular rehabilitation, there was a statisti-
cally significant improvement in some parameters of
the videoendoscopic evaluation and audio-perceptive
measures. These improvements were detected imme-
diately after treatment and remained at least until
three months after treatment.

Although subjective and considered by some
authors highly unreliable [26, 27], audio-perceptual
measures are accepted as a method of vocal eval-
uation [2, 10, 33, 52].The GRBAS scale is widely
used for audio-perceptual measures of voice qual-
ity with good intra-rater and inter-rater reliability for
phonation dimension grade (G) and breathiness (B)
[2, 7].

Several authors [23, 30, 41, 44, 51] argued that the
presence of some isolated videoendoscopy changes,
outside clinical contexts, do not necessarily indicate
vocal pathology. In the specific case of SHAP and
SHL, this report is in agreement with some studies [4,
23,36, 41,46] that showed that the presence of supra-
glottic laryngeal hyperfunction does not indicate the
presence of muscular tension dysphonia. However,
it represents an effortful phonation technique that,
if persistent or prolonged in time, may cause vocal
complaints [41].

Reflux disease is recognized as a cause of laryn-
geal alterations and vocal pathology [24]. Some
studies specifically mention that esophageal stim-
ulation by acid may cause a reflex contraction of
the larynx and that pharyngeal globus sensation in
reflux patients arises from the contraction/tension
of the pharyngolaryngeal muscle [1]. None of the
patients in this study complained of pharyngola-
ryngeal reflux at baseline or over the subsequent
three months, although 15 reported earlier gastroe-
sophageal reflux. Nevertheless, it was important
to exclude reflux when interpreting the findings.
Thus, the RFS scores before and after treatment
were compared, and no statistically significant differ-
ences were identified. This demonstrated that vocal
improvement after vestibular rehabilitation was not
due to the improvement of pharyngolaryngeal reflux
disease.

The intra- and inter-observer variability was quite
high, which may be explained by the experience
of the observers in the evaluation of these types of
exams, as well as by the exhaustive discussion of the
videoendostroboscopic scales and criteria before the
assessments.

The lack of statistically significant results in acous-
tic evaluation may be explained by the isolated
analysis of each acoustic parameter [3, 31].

Effectively, vocal changes seem to be related to bal-
ance changes, which can be corrected with vestibular
rehabilitation.

Most likely, together with vestibular and propri-
oceptive changes connected to balance disorders,
compensatory mechanisms of balance are set in
motion, leading to the global tension of the body.
Pelvic, abdominal, thoracic, and cervical tension
change vocal production through interference, both
in laryngeal and extra-laryngeal mechanisms.

Thus, vestibular pathology leads to compensatory
global postural changes that appear to cause cervi-
cal and laryngeal tension and a consequent change
in vocal quality. In treating vestibular disorders, cor-
rection of body posture is related to improvement in
cervical tension and vocal quality.

Moreover, as vertigo and nauseous symptoms are
very stressing for the patients it is possible that, as a
consequence, a supraglottic constriction arise, natu-
rally solved after the disappearance of the symptoms.

The patients in this study were submitted to bal-
ance/posture treatment with vestibular rehabilitation
techniques (OPT and PDCT) that induce reprogram-
ming at the central nervous system level, improving
the overall posture stability.

The reduction of anteroposterior supraglottic ten-
sion and medial false vocal fold constriction after this
treatment is in accordance with Nacci et al. [32], who
argued that global changes in posture lead to localized
changes, particularly in the laryngeal musculature.

Gould [16] attempted to explain this phenomenon
by referring to neuromuscular receptors in the
abdominal, intercostal, diaphragm, and intrinsic mus-
cles of the larynx, suggesting a direct relationship
between vocal production and proprioceptive con-
trol of balance. Postural alterations at the thoracic
or abdominal level lead to proprioceptive reflexes
related to breathing and the position of the vocal folds,
which in turn affect vocal production [16].

It is important to emphasize that the effects of
optokinetic stimulations are still not fully understood
[29], since their therapeutic effect is known to result
from the creation of a sensory conflict between the
vestibular ocular reflex and the vestibular spinal reflex
with a key role for the cerebellum and Purkinje cells.
The functions of the cerebellum are also not yet fully
understood, and this organ seems to have many sig-
nificant functions [6, 19, 35].

This pilot study is entirely original as it
assessed, for the first time, vocal quality in patients
with vestibular alterations, before and after bal-
ance/posture treatment.
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The main limitations of this study are the absence
of a control group and the sample size decrease due
to the loss to follow-up of some patients. Further
research is necessary to confirm the results of this
report.

5. Conclusions

Computerized dynamic posturography is unique in
balance evaluation as it attempts to assess vestibular,
visual, and somatosensory systems both together and
independently.

Although reports have associated postural alter-
ations with changes in vocal quality, this study
investigated, for the first time, the association
between balance disorders (vestibular, visual, or pro-
prioceptive alterations) and voice using CDP.

Balance disorders lead to compensatory postural
changes. These postural changes seem to cause some
alterations in cervical and laryngeal tension, which
lead to changes in vocal quality.

By treating balance disorders, there is a correction
in body posture, and there seems to be a conse-
quent improvement in cervical tension accompanied
by improvements in vocal quality.

Type of article: Original contribution

This prospective cohort study considers, for the
first time, patients with vestibular and proprioceptive
alterations (identified by videonystagmography and
computerized dynamic posturography) and evaluates
if there are measurable vocal changes after vestibular
rehabilitation.
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Appendix visible; 2: inner vocal fold edge visible; 3: vocal fold
not visible at all.
Laryngostroboscopic rating form: explanation of Vocal fold movement: adduction, abduction, and
scales vocal fold tension (right/left) (3-point scale): 1: nor-
Antero-posterior supraglottic hyperfunction (3- mal; 2: paresis; 3: paralysis.
point scale): 0: anterior and posterior commissure Amplitude: 1: symmetrical; 2: asymmetrical.
clearly visible; 1: anterior commissure and/or poste- Phase: 1: symmetrical; 2: asymmetrical.
rior commissure not visible; 2: anterior commissure, Vocal fold closure: 1: complete; 2: incomplete.
posterior commissure, and vocal process not visible. Reflux finding score (16): 1: normal; 2: abnormal.
Medialfalse vocalfold constriction (4-point scale): Vocal fold masses (right/left): 1: absent; 2: present.

0: ventricular fold clearly visible; 1: vocal fold



