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ABSTRACT

Introduction: Benign vocal cord lesions cause significant
dysphonia by disrupting the normal vibratory function of the
vocal fold mucosa. Multidimensional assessment of voice
characteristics allows for an accurate analysis of voice
impairment and can be used to assess the outcome of different
treatment modalities.

Aims: To evaluate the outcome in patients treated for benign
vocal fold lesions using multidimensional voice assessment.

Materials and methods: Thirty adult patients with benign vocal
fold lesions were treated according to standard protocols and
followed up for 6 months. Voice was evaluated by visual analog
scale (VAS), GRBAS (grade, roughness, breathiness, asthenia,
strain) scale, maximum phonation time (MPT), S/Z ratio, and
acoustic parameters using PRAAT. Pre- and posttreatment
voice was compared.

Results: Benign lesions observed were vocal polyps (16), vocal
nodules (7), vocal fold cysts (5), vocal cord papilloma (1), and
sulcus vocalis (1). Mean VAS rating improved from 7.5 to 2 at
3 months and 1.6 at 6 months. Mean GRBAS score improved
from 7.5 to 2.96 at 3 months and 2.3 at 6 months. Maximum
phonation time increased from 9.43 seconds to 14.16 seconds
at 3 months and 14.46 seconds at 6 months. S/Z ratio reduced
from 1.37 to 1.16 at 3 months and 1.15 at 6 months. Jitter
reduced from 1.81 to 1% at 3 months and 0.97% at 6 months;
shimmer decreased from 6.07 to 2.19% at 3 months and to
2.03% at 6 months. Harmonic-to-noise ratio values improved
from 8.01 to 10.78 dB at 3 months and 10.96 dB at 6 months;
mean Fjincreased from 207.27 to 217.89 Hz at 3 months and
219.65 Hz at 6 months.

Conclusion: Asingle measurement of voice cannot be used as
a reliable outcome measure. Perceptual, aerodynamic, acoustic,
and self-analysis together allow a multidimensional assessment
of voice characteristics.
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INTRODUCTION

Dysphonia refers to any impairment of the voice or
difficulty in speaking. It has been defined as a speech
disorder resulting in impaired utterance of sounds by the
vocal folds or any speech disorder involving problems of
voice quality, pitch, or intensity under the diagnosis code
784.42 in ICD-9 (International Classification of Diseases,
Ninth Revision). More than 50% of patients seeking
medical attention because of voice change have a benign
mucosal disorder.!

Benign vocal fold lesions mostly consist of vocal
nodule, vocal polyp, vocal cord cyst, sulcus vocalis,
and vocal papilloma. These lesions are pathological
tissue changes in the microstructure of the vocal fold
mucosa in response to phonotrauma, either abuse or
functional misuse of normal or compromised tissue. The
lesions cause varying degrees of disturbance to vocal
fold oscillation and glottic closure, rendering the voice
rough, breathy, inefficient, and subject to vocal fatigue.
Cigarette smoking, infections, allergy, and acid reflux
increase the mucosa’s vulnerability to vibratory trauma
leading to injury. In vocal cord lesions, multidimensional
assessment of voice characteristics allows for an accurate
analysis of voice impairment. Perceptual analysis by a
speech-language pathologist (SLP) provides a subjective
assessment of disturbance in the different qualities
of voice. Distortion of voice signal can be objectively
demonstrated by acoustic analysis using a variety of
softwares. PRAAT is one such freeware program which
can be used for acoustic analysis.? Self-analysis by a
patient allows measurement of handicap resulting
from a vocal fold lesion. The aim of this prospective
study was to assess the voice in different dimensions
using aerodynamic analysis, GRBAS (grade, roughness,
breathiness, asthenia, strain), acoustic analysis, and self-
analysis before and after treatment in patients with benign
vocal cord lesions.
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MATERIALS AND METHODS

The study was conducted as a prospective study between
January 2013 and August 2014 in the ENT division of our
hospital, a tertiary-care referral center. A total of 30 adult
patients, presenting to the outpatient department with
complaints of change in voice and found to have clinical
evidence of a benign vocal fold lesion, were enrolled into
this study. Laryngeal examination was done using a 70°
rigid endoscope. Voice assessment was carried out using
self-analysis scale, aerodynamic analysis, perceptual
evaluation, and acoustic analysis.

The patients underwent treatment according to
standard protocols. Patients with vocal polyps, vocal
cord cysts, and vocal cord papilloma underwent micro-
laryngeal excision as the definitive treatment. Injection
laryngoplasty with hyaluronic acid was used for sulcus
vocalis A policy of 2 weeks of complete voice rest after
surgery was adopted. Postoperative speech therapy was
provided for all patients by a certified SLP. The patients
with vocal nodules underwent speech therapy as the
primary treatment modality. If vocal nodules failed to
regress in size and / or the patient’s voice failed to improve
after 3 months of conservative treatment, patients were
offered microlaryngeal surgery for excision of nodules.

The patients were followed up for 6 months. Indirect
laryngoscopy using 70° rigid endoscope was done to look
for recurrences or scarring in the surgical group. Change
in the size of nodules was noted. Voice was reassessed
using the same parameters. The parameters were assessed
as follows:
¢ Self-analysis: Patient’s own acceptability of his/her

voice was assessed by asking the patient to rate his/

her quality of voice on a visual analog scale (VAS) of
1to 10, ranging from totally normal/acceptable (1) to

totally abnormal/unacceptable (10).

e Perceptual voice evaluation: This was done by a
trained SLP, using GRBAS scale that consists of five
parameters: Overall grade of hoarseness, roughness,
breathiness, asthenia, and strain. Each parameter was
rated by the SLP on a scale of 0 to 3.

* Aerodynamic analysis: This was done to evaluate
glottic efficiency using two parameters: S/Z ratio and
maximum phonation time (MPT).

- S/Z ratio: A patient was asked to take a deep
breath and then to sustain the sound “s” for as long
as possible at a comfortable pitch and loudness on
one exhalation, without straining. The time was
recorded as first “s”. The procedure was repeated
for the sound “z”, and the duration recorded as
first “z”. The procedure was repeated for a total of
three attempts, and the S/Z ratio was calculated by
dividing the longest duration of “s” by the longest

duration of “z”. A ratio of 1.4 was considered as
abnormal or indicating a degree of vocal cord
dysfunction.

— Maximum phonation time (MPT): A patient was
asked to take a deep breath and then to sustain
the vowel sound “a” for as long as possible at a
comfortable pitch and loudness on one exhalation,
and without straining. The time was recorded.
The procedure was repeated for a total of three
attempts, and MPT was calculated as the average
of these three phonation times.

® Acoustic analysis: The patient’s voice sample was

recorded during sustained phonation of a steady vowel
/a/.Amicrophone (attached to a computer) was placed
off-axis at a distance of 5 cm from the speaker’s lips was
used to record and store the voice sample. Acoustic
analysis of these voice samples was done using PRAAT
software version 5.3.68.3 Acoustic voice signal data was
measured for mean fundamental frequency, frequency
perturbation called jitter, amplitude perturbation called
shimmer, and harmonics-to-noise ratio (HNR).

STATISTICAL ANALYSIS

The data were entered into Microsoft Excel Worksheet to
create the master chart. Statistical analysis was done using
IBM Statistical Package for the Social Sciences (SPSS)
Statistics version 22. Friedman test was used to analyze
parameters with ordinal scales: VAS rating and GRBAS
score. Repeated measures ANOVA was used to analyze
parameters: Jitter, shimmer, fundamental frequency (F),
HNR, MPT, and S/Z ratio.

OBSERVATIONS AND RESULTS

Of the 30 patients recruited into this study, 19 were males
and 11 were females. The age range of the study group
was 20 to 62 years while the mean was 42.23 years. The
benign lesions observed in our study were (in decreasing
frequency) vocal polyps (16), vocal nodules (7), vocal fold
cysts (5), vocal cord papilloma (1), and sulcus vocalis (1)
(Graph 1).

70° Laryngoscopy

In the operative group, none of the patients revealed any
recurrence or postoperative scar. All the patients with
vocal nodules showed regression in the size of nodules,
although in none of them did the nodules completely
disappear.

Self-analysis by VAS

Graph 2 shows a significant improvement in the mean
VASrating from 7.5+ 1.2 to 1.6 +0.7 at 6 months (p <0.05).
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Vocal cord

Sulcus vocalis papilloma 3.33%

3.33%

Vocal cord cyst
16.66%

Vocal polyp

Vocal nodules 53.34%

23.33%

Graph 1: Incidence of various benign lesions in our study
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Graph 3: Improvement in mean GRBAS (grade, roughness,
breathiness, asthenia, strain) score of patients with treatment

Perceptual Analysis

Graph 3 highlights that mean GRBAS score significantly
improved from 7.5+0.82 in the pretreatment stage to
2.3+1.17 at 6 months.

Aerodynamic Analysis

At 3 months, while MPT showed a statistically significant
increase, the value of S/ Z ratio demonstrated a significant
decrease. Further improvement in these aerodynamic
parameters at 6 months was not significant (Table 1).

Table 1: Improvement in mean values of aerodynamic
parameters with treatment

7.5

2 1.6

Pretreatment 3 months 6 months

Graph 2: Improvement in mean VAS rating with treatment

Table 2: Improvement in mean values of acoustic parameters
with treatment

Pretreatment 3 months 6 months
Jitter (in %) 1.81+£0.34 1+0.21 0.97+0.2
Shimmer (in %) 6.07+1.02 2.19+0.54 2.03+0.31
Mean F, (in Hz) 207.27+14.02 217.89+10.28 219.65+9.05
HNR (in dB) 8.01+2.01 10.78+2.61 10.96+2.55

HNR: Harmonic-to-noise ratio; Fy: Fundamental frequency

Acoustic Analysis

As seen in Table 2, there was a statistically significant
reduction in the mean jitter and shimmer values at
3 months after treatment. Harmonic-to-noise ratio values
showed an increasing trend toward normalcy with treat-
ment. The increase in HNR was statistically significant
(p<0.05). Mean fundamental frequency also showed a
statistically significant increase in values with treatment
(p<0.05). Although, voice parameters showed a further
improvement at 6 months with continued speech therapy,
this difference was not statistically significant (p>0.05).

DISCUSSION

Benign vocal fold lesions, such as vocal polyps, vocal
nodules, vocal cord cyst, and vocal cord papilloma cause
significant dysphonia by disrupting the normal vibratory
function of the vocal fold mucosa. Various risk factors
responsible for these lesions include chronic voice over-
use/misuse, sudden phonotrauma, laryngopharyngeal
reflux (LPR), allergy, smoking, and alcohol use.

While surgical intervention removes the offending
lesion, speech therapy teaches patients to modify their
faulty vocal behavior. By minimizing the detrimental
vocal behaviors, speech therapy decreases the stress
at mid-membranous vocal cords, thus optimizing the
voice outcome in these patients and also preventing the

Pretreatment 3 months 6 months
MPT (seconds) 9.43+1.89 14.16+£1.7 14.46+1.56
S/Z ratio 1.37+£0.06 1.16+£0.06 1.15+£0.06
MPT: Maximum phonation time
10
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recurrences of these benign lesions.*® Speech therapy
consists of five basic behaviorally based approaches:
Vocal hygiene, direct facilitation of vocal production,
respiratory support, muscle relaxation, and carryover.6
Vocal hygiene is the foundation of speech therapy.
Patients are taught to take care of their vocal fold tissues
by keeping them hydrated and limiting laryngeal irritants.
Education regarding proper vocal hygiene and hydration
and avoidance of vocal abuse, misuse, and overuse is a
necessary baseline. Vocal abuse refers to phonation that
is excessive in length or is produced in an overly loud
manner. Loud phonation and excessive phonation lead
to increased trauma in the mucosal membrane during
voicing. Vocal misuse refers to dysphonia caused by
inefficient methods of voice production. Inefficient vocal
patterns occur when voice is produced with inappropriate
laryngeal tension and/or poor respiratory support.”
The patient must comprehend how specific behaviors
or patterns thereof may have contributed or may in
the future contribute to vocal fold lesions. A course of
speech therapy is often adequate in patients with vocal
nodules, which are expected to resolve, regress, or at least
stabilize under a regimen of improved voice hygiene and
optimized voice production.” Other benign lesions, such
as polyps, cysts, papillomas, and sulcus vocalis require
surgical intervention in addition to pre- and postoperative
speech therapy. The fact that speech therapy forms
an important component of treatment in addition to
surgery is evident in our study where postoperative voice
parameters show a further improvement after continued
speech therapy. However, this further improvement was
not statistically significant.

Both subjective and objective assessments of voice are
critical to outcome analysis in these patients. A guideline
was elaborated by the Committee on Phoniatrics of the
European Laryngological Society on the basic protocol
for functional assessment of voice pathology, especially
for investigating the efficacy of phonosurgical treatments
and evaluating new assessment techniques. It includes
five different approaches: perception, videostroboscopy,
acoustics, aerodynamics (phonation quotient), and
subjective rating by the patient.®

Self-assessment measures of voice handicap provide
important information regarding vocal function from the
patient’s perspective, particularly the effect on quality
of life as produced by the voice disorder. Considering
that the principle aim of treatment in benign lesions is
to improve the patient’s satisfaction with his own voice,
it follows that assessment of voice handicap is critical to
therapeutic decision-making in this group of patients. A
VAS was used in our study for self-assessment. Visual
analog scale rating showed a statistically significant

improvement with treatment. These results are in con-
cordance with other studies that have assessed the voice
handicap and quality of life in these patients using differ-
ent scales. While Rosen’ and Thomas'? demonstrated a
reduction in total scores on voice handicap index, Ragab'!
and Uloza'? in their studies showed statistically sig-
nificant improvement in VAS rating after treatment of
benign lesions.

Clinicians use both formal and informal perceptual
judgments to evaluate the voice quality of a patient.
Various scales like GRBAS and CAPE-V are available for
perceptual scoring of voice.'*!* We used GRBAS scale
for our study, and the mean score on this scale showed
a statistically significant improvement after treatment.
Studies by Ragab,!! Uloza,'? and Phaniendra Kumar"
have also showed similar improvements in GRBAS score
after treatment of such patients.

Intralistener as well as interlistener variations have
been found in perceptual parameters in various studies
which underscore the need for objective parameters of
voice assessment or acoustic analysis. PRAAT is one
such freeware program created by Paul Boersma and
David Weenik of the Institute of Phonetics Sciences at
the University of Amsterdam, available on the Web,
which reliably measures the parameters of jitter, shimmer,
HNR, and fundamental frequency.>? Jitter is a cycle-to-
cycle variation in fundamental frequency of the voice.'®
Even a subtle microinstability in the vocal fold vibration
will show changes in the jitter, which is true in the
cases of vocal polyps.'” Jones et al found a significant
correlation between jitter and the subjective assessment
of hoarseness, demonstrating that jitter is most effective
for monitoring treatment responses.'® Shimmer refers to
the small, rapid, cycle-to-cycle variation in the amplitude
that occurs during phonation. Benign vocal fold lesions
cause an increased vocal fold mass as well as poor
contact between vocal fold edges during phonation.
This would cause an increase in amplitude perturbation
or shimmer. This explains why the values of shimmer
decrease following successful treatment of benign vocal
fold lesions.!” Harmonic-to-noise ratio is the ratio of the
acoustic energy of the stable harmonic component to that
of the noise. It was first reported in 1982 and has been
successfully applied to evaluate the effectiveness of the
treatments for hoarseness.”’ The prevention of complete
glottal closure by the intrusion of an additional surface
mass induces interharmonic noise into the vocal signal,
and asymmetric structural changes in the vocal cords
induce waveform perturbations. These factors contribute
to an increase in jitter and shimmer, and a decrease in
HNR and MPT. The use of the S/Z ratio as an indicator
of laryngeal pathology was first proposed by Eckel and
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Boone in 1981. It appeared from their data that when an
additive mass developed along the glottal margin, vocal
fold approximation was less efficient. They concluded
that this decrement in efficiency resulted in a decrease
in glottal resistance, increasing air flow, and a shortened
phonatory duration time.!

The improvement in acoustic parameters is variably
reported in literature. Ragab et al, in a randomized
controlled trial on 50 patients with benign vocal fold
lesions, observed that both “jitter” and “shimmer”
decreased significantly after surgery in both cold knife
and radiosurgical excision groups (p<0.001), with no
significant difference being noticed between the two
groups (p>0.05)."! Uloza et al observed that while there
was a statistically significant (p <0.001) improvement
in mean jitter, shimmer, and normalized noise energy
(NNE) indices as measured from the preoperative to
postoperative performance, the mean of F, of a sustained
vowel (a) at a comfortable pitch level did not show any
statistically significant changes from preoperative to
postoperative samples.'? Toran,?* Stajner-Katusi¢, > and
Petrovié¢-Lazi¢* showed significant improvement in jitter,
shimmer, HNR, and F; investigated after the surgery.
Thomas in his study on 30 patients with benign vocal fold
lesions concluded that while jitter, shimmer, and HNR
showed improvement and a trend toward, statistically
the values were not significant.'” Wang and Shi concluded
that the values of jitter, shimmer, noise-to-harmonic ratio,
and maximal phonation time showed a significant change
after surgery.”2

Valadez and Tezcaner studied the effect of voice
therapy in patients with vocal nodules. A significant
improvement was found in the acoustic analysis para-
meters of jitter, shimmer, and noise-to-harmonic ratio.?8
Treole found that there was no significant difference in
maximum phonation duration or S/Z ratio before and
after treatment. Results revealed that females with vocal
nodules demonstrated measurements before therapy
similar to measures considered to be normal in persons
without vocal nodules.”’

With the removal of a mass lesion, several mechanisms
can improve vibratory function. Vocal fold modulation
of the air flow is restored, airflow leakage is improved,
and glottal efficiency is increased. The symmetry of the
vocal fold mass is restored, resulting in the stability and
vibratory equivalence of each vocal fold. A smooth edge
is created, facilitating improved vocal fold contact, and
thereby allowing the normal generation of subglottic
pressure and better amplitude of vocal fold vibrations.
Although, the above has been postulated in literature to
explain the alteration of acoustic variables in patients with
vocal polyps, it would hold true for other benign vocal
fold lesions as well.?®

CONCLUSION

Assingle measurement of voice cannot be used as a reliable
outcome measure. Perceptual, aerodynamic, acoustic
and self-analysis together allow a multidimensional
assessment of voice characteristics. Such an assessment
allows a researcher or a clinician to successfully measure
voice outcome both subjectively and objectively. This
outcome analysis can be used to assess the efficacy of a
particular treatment for benign laryngeal lesions or to
compare multiple treatments.

Microlaryngeal surgery offers excellent results in
patients with benign vocal fold lesions. The importance
of vocal hygiene and speech therapy cannot be overstated
and should be emphasized at the initial consultation and
incorporated in the treatment plan.
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