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The importance of voice analysis in evaluating the
effectiveness of reflux treatment

Reflii tedavisinin etkililiginin degerlendirilmesinde ses analizinin 6énemi
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ABSTRACT

Objectives: This study aims to investigate the effects of reflux treatment in voice disorders in laryngopharyngeal reflux (LPR) patients
using acoustic analyses and the relationship between scoring systems.

Patients and Methods: A total of 84 LPR patients (18 males, 66 females; mean age 43.1£11.3 years; range 18 to 73 years) were
evaluated using reflux symptom index (RSlI), reflux findings score (RFS), videolaryngostroboscopic examination, and acoustic analysis
with Dr. Speech 4 before LPR treatment and at the first and third months after treatment.

Results: Maximum phonation time, fundamental frequency (FO0), jitter, and shimmer scores did not show any statistically significant
alteration at the posttreatment period according to pretreatment scores (p>0.05). However, the alteration in Harmonics-to-Noise ratio and
Signals-to-Noise ratio scores were statistically significant (p=0.017 and p=0.003, respectively). Reflux symptom index results showed
significant positive correlation with FO at the pretreatment, and at posttreatment first and third month evaluations (Spearman's rank
correlation coefficient [rho]=0.246, p=0.024; rho=0.300, p=0.006; rho=0.305, p=0.005, respectively).

Conclusion: The relationship between the parameters of acoustic analysis and RSI and RFS values seems to be controversial for
diagnosis and follow-up of LPR patients, requiring further investigations.
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6z
Amacgc: Bu calismada akustik analizler kullanilarak larengofarengeal refli (LPR) hastalarindaki ses bozukluklarinda refli tedavisinin
etkileri ve skorlama sistemleri arasindaki iligki arastirildi.

Hastalar ve Yontemler: Toplam 84 LPR hastasi (18 erkek, 66 kadin; ort. yag 43.1+11.3 yil; dagilim 18-73 yil) reflii semptom indeksi (RSI),
refli bulgu skoru (RBS), videolaringostroboskopik inceleme ve Dr. Speech 4 ile akustik analiz kullanilarak LPR tedavisi 6ncesinde ve
tedavi sonrasi birinci ve Gg¢linct ayda degerlendirildi.

Bulgular: Maksimum fonasyon zamani, temel frekans (FO0), jitter ve shimmer skorlar tedavi éncesi skorlara gére tedavi sonrasi dénemde
istatistiksel olarak anlamli degisiklik géstermedi (p>0.05). Fakat harmonik girilti orani ve sinyal glrdltu orani skorlarindaki degisiklik
istatistiksel olarak anlamli idi (sirasiyla p=0.017 ve p=0.003). Refli semptom indeksi bulgular tedavi 6ncesi ve tedavi sonrasi birinci ve
Gglincl ay degerlendirmelerinde FO ile anlamli pozitif iliski gbsterdi (sirasiyla Spearman’in siralama korelasyon katsayisi [rho]=0.246,
p=0.024; rho=0.300, p=0.006; rho=0.305, p=0.005).

Sonug: Akustik analiz parametreleri ve RSi ve RBS degerleri arasindaki iliski LPR hastalarinin tanisi ve takibi igin tartigmali gézilkmekte
ve ileri arastirmalar gerektirmektedir.

Anahtar Sézciikler: Larengofarengeal refll; refli skorlama sistemi; ses analizi.
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Gastroeosophageal reflux disease (GERD) is an
entity with heartburn, regurgitation, chest and
stomach pain and the feeling of gastric acid
coming up.! Laryngopharyngeal reflux (LPR)
refers to backflow of gastric contents above
the level of the upper esophageal sphincter
and it has been implicated in the pathogenesis
of several voice disorders such as vocal fold
nodules,*® Reinke’s edemal® laryngeal true vocal
fold granuloma®* and other otolaryngologic
disorders such as globus pharyngeus,®”
subglottic and laryngotracheal stenosis,**%
and laryngopharyngeal carcinoma.b*% The
symptoms of LPR include hoarseness, sore throat,
dysphagia, globus pharyngeus, chronic cough
and difficulty in breathing with or without
classical GERD symptoms.>'!

Laryngopharyngeal reflux is a disease that
gives rise to subjective and objective changes
in voice quality.">” It is important to describe
the effect of LPR in voice disorders. There
are different methods to diagnose and follow
treatment such as the voice handicap index
and objective voice analysis techniques! ¥ but
utilization of these techniques is controversial,
because the relation between LPR and voice
problems is relatively new.

The aim of this study was to find out the
changes in acoustic analyses and the correlation
the acoustic analyses and the scoring system
with medical treatment in LPR patients to show
the effectiveness of reflux treatment.

PATIENTS AND METHODS

Our study included 84 patients (18 males,
66 females; mean age 43.1+11.3 years; range
18 to 73 years) who were diagnosed with
laryngopharyngeal reflux disease at a tertiary
referral center in Istanbul, Turkey. The study
protocol was approved by the Taksim Education
and Research Hospital Ethics Committee.
Written informed consent was obtained from
each patient before study enrollment. The study
was conducted in accordance with the principles
of the Declaration of Helsinki. The exclusion
criteria were having vocal fold nodule, vocal
fold cyst or polyp, intracordal hemorrhage,
leukoplakia and suspected malignancy.

All patients were examined before the
treatment, at the first month of treatment, and
at the third month of treatment. Before all
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examinations, patients filled out the Reflux
Symptom Index (RSI) form. A 70° rigid
scope (Karl Storz Laryngostrobe, Tuttlingen,
Germany) was used to confirm that the patients
did not have any additional laryngeal findings
such as nodule, polyp, and dysplasia that may
cause voice changes, and a Reflux Finding
Score (RFS) was obtained. The Dr. Speech 4
program (Tiger Electronics, Seattle, WA) was
used for acoustic analysis. All examinations
were conducted by a single physician who was
blinded to the RSI results and had a special
interest in laryngology.

All patients with symptoms of chronic cough,
voice disturbances such as hoarseness and throat
cleaning, sore throat, and globus pharyngeus
were examined and 84 patients were included in
the study with a diagnosis of laryngopharyngeal
reflux by having an RSI above 13 and an RFS
above seven. These two tests are defined and
validated by Belafsky et al.'¥ Acoustic analysis
with Dr. Speech (Tiger Electronics, Seattle,
WA) was performed for each patient after
standardization with three different 10 seconds
of ‘a’ voice recorded from a distance of 15 cm
from the mouth with an angle of 45 degrees in
a sound isolated room for sounds below 50 dB.

After the analysis patients received a
treatment of 30 mg PPI (lansoprazole) twice a
day. A follow-up of three months for patients
provided three RSI values, three RFS values by
scoring of the videostroboscopic images and
three acoustic analysis reports: before treatment,
at the first month of treatment, and at the third
month of treatment.

Objective voice analysis included six different
criteria: Maximum phonation time, fundamental
frequency, jitter, shimmer, Harmonics-to-Noise
ratio (HNR) and Signal-to-Noise ratio (SNR).
Maximum phonation time is a criterion for
aerodynamic analysis for voice and phonation.
A stable ‘a” voice is recorded after a proper
inspiration and the duration of the sound while
stable was recorded. The normal interval is
between 25-35 seconds for men and 15-25 seconds
for women.' Fundamental frequency is a
criterion for vocal vibration, indicating the
amount of vocal vibration during one second
and its unit is Hertz (Hz). Jitter is a frequency
perturbation parameter which is the index of
fundamental frequency changes. Shimmer is
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Table 1. Changes in reflux symptom index score and reflux findings score during treatment

Before treatment

1st month of treatment

3' month of treatment

n % MeantSD % Mean+SD n %  MeantSD p
RFS 9.5+2.2 7.312.2 6.0+1.7 <0.001
RFS improvement (<7) 33.3 47 56 <0.001
RSI 23.5+7.2 19.2+7.0 17.3+6.1 <0.001
RSI improvement (<13) 11.9 18 214 <0.001

SD: Standard deviation; RFS: Reflux findings score; RSI: Reflux symptom index.

an amplitude perturbation parameter defined
in decibels (dB) and indicates the amplitude
changes between two following voice periods.
The HNR and SNR are spectral parameters
of voice analysis. Harmonics-to-Noise ratio is
an index of fundamental frequency and its
harmonics-to-noise energy. Signal-to-noise is an
index of measurable signals-to-noise energy.!"”!

Statistical analysis

The statistical analysis was made using IBM
SPSS software version 19.0 (IBM Corporation,
Armonk, NY, USA). Comparison of more than two
dependent numerical variables was done using
Friedman test. Subgroup analyses were done by
using Wilcoxson test and were interpreted by
Bonferroni rectification. Statistical significance
was accepted at the p<0.05 level.

RESULTS

Before treatment, the RFS index average was
9.50+2 and RSI average was 23.5+7.2. The RFS and
RSI average score differences were statistically
significant before and after treatment at the
first and third month (p<0.001, p<0.001, p<0.001,
p<0.001). The improvement (means RFS under 7
and RSI under 13) in RFS was 33.3% at the first

month and 56% at the third month of treatment.
The improvement in RSI was 11.9% at the first
month, and 21.4% at the third month of treatment
(Table 1).

When acoustic analysis results were
evaluated, FO0, jitter, shimmer, maximum
phonation time (MPT) scores did not show
any statistically significant alteration at the
first and third month of treatment compared
to before treatment scores. But the alterations
in HNR and SNR scores were statistically
significant (p=0.017, p=0.003). The difference
between third month HNR and SNR scores
and before treatment scores was statistically
significant (p<0.001, p<0.001) (Table 2).

When we compared the results of follow-
up examinations RSI results showed significant
positive correlation with FO at the before
treatment, first and third month evaluations
(tho=0.246 p=0.024; rho=0.300 p=0.006; rho=0.305
p=0.005) and significant negative correlation
with shimmer (rtho= -0.275 p=0.011) at the first
month evaluation.

To show the importance of voice analysis in
evaluating the effectiveness of reflux treatment,

Table 2. Evaluation of aerodynamic and acoustic analysis data

Before treatment 1%t Month 3" Month
Mean+SD Mean+SD Mean+SD p
Fundamental frequency 199.9+42.5 199.8+43.9 200.7+42.2 0.492
Jitter 0.3+0.2 0.3+0.2 0.3+0.2 0.647
Shimmer 0.4+0.5 0.5+1.7 0.4+0.4 0.256
Harmonics-to-Noise ratio 22.0+4.1 229+4.2 23.8+4.0* 0.017
Signal-to-Noise ratio 20.8+4.0 23.8+18.9 22.6+3.9* 0.003
Maximum phonation time 13.615.6 13.9+5.3 14.4+5.0 0.098

SD: Standard deviation; * 3" month Harmonics-to-Noise ratio and Signal-to-Noise ratio scores different from before treatment score

(p<0.001, p<0.001).
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the parameters of acoustic analysis were
compared between improved RSI and RFS values
and the RSI and RFS values that did not have any
improvement.

The difference between FO0 (205.5+41.1,
206.6+40.9, 206.9+41.5) of the patients whose
RSI values decreased under 7 (improved reflux
symptoms) and FO (179.3+40.9, 173.7+43.8,
179.2+42.1) of the patients whose RSI values
did not decrease under 7 (non improved reflux
symptoms) for before treatment, first and third
month were statistically significant (p=0.011
p=0.004 p=0.029). For the other parameters of
acoustic analysis, there was no statistically
significant difference for this group. On the
other hand mean HNR and SNR score of the
patients that did not have any improvement
in RSI values showed statistically significant
difference between the third month of
treatment (HNR: 23.7+3.9; SNR: 22.6+3.8) and
before treatment (HNR: 21.6+4.1; SNR: 20.5+4.1)
(p=0.006, p=0.005).

The difference between any parameters of
acoustic analysis of the patients whose RFS
values decreased under 13 (improved reflux
findings) and the patients whose RFS values
did not decrease under 13 (non improved reflux
findings) for before treatment, first and third
month were not statistically significant (p>0.05).
However mean SNR score of the patients that
did not have any improvement in RSI values
showed statistically significant differences
between third month of the treatment (SNR:
22.943.8) and before treatment (SNR: 21.1+3.6)
(p=0.015).

DISCUSSION

In generally, LPR patients have lower quality
voices than healthy people and they show
restricted phonation capabilities.'*®) When voice
analysis data of LPR patients were compared
to healthy subjects significant deterioration was
showed for MPT, jitter, shimmer, and glottal noise
in LPR patients.'>®! FO is not affected by most
laryngeal disorders and Pribuisiene et al.’? found
no difference for mean FO between suspected LPR
patients and controls. Increased jitter and shimmer
may reflect degenerative changes in laryngeal
tissue but shimmer seems to be a more sensitive
parameter than jitter in LPR patients.'31519201 The
HNR changes in LPR patients were shown as
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well. Some authors found statistically significant
changes for HNR values!®®2!l but others did not
find any differences."

On the other hand, it is still controversial
whether voice parameters improve with medical
treatment or not. Some authors reported
improvement in acoustic parameters with
medical treatment?! but others showed no
significant improvement.?*?! In 1996 Shaw
and Searl® have performed a study including
acoustic analysis and LPR treatment and they
have claimed that improvement in acoustic
parameters are seen after treatment if there was
hoarseness before treatment. In our study FO,
jitter, shimmer, MPT scores did not show any
statistically significant alteration at the first
and third month of treatment compared to pre-
treatment scores. But the alteration in HNR and
SNR scores were statistically significant.

Today, 24-hour pH monitoring is accepted
as the most powerful diagnostic test for LPR
diagnosis but various practical issues limit the
usage of pH monitoring; the test is expensive,
the results are controversial and some patients
cannot tolerate the use of these system.>?!
Although recent studies have showed some
promising methods for diagnosis of LPR such as
laryngeal sensory testing and control of blood
pepsin levels,® the diagnosis of LPR is made
clinically. For instance omeprazole test means
empirical treatment in patients with potential
LPR has a sensitivity and specificity of 89%/2
and preferred by many clinicians as a diagnostic
test. The RFS and RSI which were defined by
Belafsky et al.?””l are sensitive, specific, easily
applicable, and patient-oriented methods. The
RFS is superior to other scoring systems in
evaluating the response to treatment because
it is troublesome to evaluate the response after
a short-term treatment due to parameters such
as nodule, granuloma and polyp that require
longer recovery periods. The RFS and RSI could
be used effectively in the diagnosis and follow-
up of LPR.?®" We evaluated the availability
of diagnostic tool of alteration in acoustic
parameters with treatment by comparing them
with the already widely used RSI and RFS.

In our patient group, RFS declined below
7 in 56% of the patients at the third month of
treatment. The RSI declined below thirteen
in 21.4% of patients at the third month of
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treatment. According to these data, finding
scores declined earlier than symptom scores
in our patient group, and this is contradictory
to other studies in literature.”*! But RFS and
RSI average score differences were statistically
significant before and after treatment at first
and third month.

Jin et al.?®! proposed a significant correlation
between jitter and RSI and secondary correlation
between shimmer and RSI. Our RSI results showed
significant positive correlation with FO at the before
treatment, first and third month evaluations. The
differences between FO of the patients whose
RSI values improved and did not improve were
statistically significant. The differences between
any parameters of acoustic analysis of the patients
whose RFS values improved and did not improve
were not statistically significant. Controversially,
HNR and SNR scores of the patients that not
have any improvement at RSI values showed
statistically significant difference between third
month of the treatment and SNR score of the
patients that not have any improvement at RSI
values showed statistically significant differences
between the third month of the treatment.

We tried to show the correlation between the
parameters of acoustic analysis and improved
RSI, RFS values. The RSI and RFS scales,
aerodynamic and acoustic analyses have been
performed but the statistical analyses are far
from satisfactory. Acoustic analysis techniques
are important for testing laryngeal benign
neoplasms, or vocal fold paralysis, or functional
laryngeal abnormalities, but our study and the
other recent studies showed that objective and
subjective voice analysis techniques are far from
providing an accurate diagnosis and follow-up
criteria for laryngopharyngeal reflux.

The treatment of GERD with correct diagnosis
has satisfactory results and otolaryngological
examination with RFS and RSI are valuable for
accurate diagnosis. At the same time there are
significantly different acoustic analysis values
for LPR patients than control subjects, but the
limited data to date show no clear picture of
whether acoustic parameters are useful indicators
of treatment efficacy in LPR disease.
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