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Summary: Objective. Functional Endoscopic Sinus Surgery (FESS) is the surgery of choice for nasal polypo-
sis and chronic rhinosinusitis. The aim of our study is to assess the influence of this surgery in the acoustic param-
eters of voice, and their implications in the systems of identification or verification of the speaker through the 
speech. 
Material and methods. A prospective study was performed between January 2017 and June 2017 including 
two groups of patients: those undergoing FESS, and a control group. Demographic data and GRBAS assessment 
were statistically analyzed. In addition, a recording of patients' voices was made with a subsequent acoustic anal-
ysis and automatic identification of the speaker through machine learning systems, establishing the equal error 
rate. Samples were taken before surgery, 2 weeks after surgery and 3 months later. 
Results. After FESS, a significant difference was observed in Grade, Roughness, Breathiness, Asthenia, Strain 
(GRBAS). Besides, acoustic analysis showed a significance decrease in fundamental frequency (FO), when com
pared with the control group. For the automatic identification of the speaker through computer systems, we 
found that the equal error rate is higher in the FESS group. 
Conclusions. Results suggest that FESS produce a decrease of FO and changes in the vocal tract that derive in 
an increase in the error of recognition of the speaker in FESS patients. 
Key Words: FESS-Acoustic analysis-Formants-Automatic identification. 

INTRODUCTION 
The vocal tract includes various structures that begin from 
the vocal folds passing through the oropharynx and the 
nasal cavity ending at the lips and nostrils. Henee, theoreti-
cally, changes in any of these structures may affect the 
acoustic properties of the radiated sound signal also chang-
ing the response of speech recognition systems to the speech 
of thepatient. 

Polyposis is a disease of the nasal mucosa that leads to an 
oceupation of the nasal passages and paranasal sinuses.1 

This oceupation produces a reduction of the passage of air 
through the nostrils, disturbing the voice and producing the 
nasalization, so called closed rhinolalia. 

Regarding treatment, the first step indicated is medical 
treatment, using topical corticosteroids as the first line, and 
other treatments such as antileukotrienes or oral steroids.1 

When intensive medical treatment is not effective, the next 
step is surgery. 

Functional endoscopic sinus surgery (FESS) is a very fre-
quent procedure for the correction of nasal polyposis and 
chronic rhinosinusitis.2 This has been the preferred tech-
nique during the last 30 years in contrast to external nasal 

surgery, with the improvement of optics, visualization sys
tems, and less aggressive approaches.3 

Employing FESS, the nasal inflammatory mucosa and 
bone ethmoid cells are eliminated, improving significantly 
the passage of air through the nose and decreasing rinolalia. 
In addition, this opening of the paranasal sinuses toward the 
fossa and changes in the nasal cavity has an impact in the 
acoustic resonance and could alter the patient's perception 
of their own speech. However, several authors have studied 
these changes,4-9 without reaching clear conclusions. 

On the other hand, the systems of identification or verifica
tion of the speaker through the speech (SISS) have emerged 
thanks to the use of machine learning technologies, allowing 
to recognize speakers, through the use of computational sys
tems in different platforms such as mobile phones.10'11 

Today, there are many sensitive or personal data in our com-
puting devices that we want to keep private. Limiting the 
access to them through identification systems might be cru
cial. Also, the use of these technologies is common in bank 
transactions made by phone or other remote activities in 
which the identity of the speaker must be verified. 

A large number of acoustic features have been employed 
in SISS schemes. In the literature, the most used speech sig
nal characterization coefficients are Mel Frequency Ceps-
trum Coefficients (MFCC),12 that combined with machine 
learning classification techniques allow to automatically 
identify the speaker. These features contain information 
about the vocal tract during the production of speech and 
are widely used in not only for identification or verification 
of the user but with other purposes such as speech or lan-
guage recognition. 

The aim of this study is to evalúate changes in the acous
tic analysis in a group of patients before and after FESS, 



and the impact of this surgery in speaker recognition sys-
tems. This will allow to evalúate the impact of the surgery 
on the quality of the voice, the perceptual assessment, and 
the acoustic characterization of the speech signal. 

MATERIALS AND METHODS 
A prospective study was performed between January 2017 
and June 2017 including patients operated on FESS and a 
control group, at a University Hospital. This study was 
approved by the ethics committee of the hospital and all 
participants signed informed consent. 

Datábase 
Two groups of subjects were defined: those having nasal 
obstruction with polyposis and undergoing FESS (FESS 
group), and a control group without nasal obstruction (con
trol group). The FESS group included patients to which the 
medical treatment failed and therefore needed a surgical solu-
tion. The control group included patients from the surgical 
waiting list for some minor intervention under local anesthe-
sia that did not affect the upper airway not the vocal folds. 

The inclusión of patients in the FESS group was prospec
tive, fulfilling the following criteria of inclusión: age over 
18 years, with symptoms of nasal obstruction and diagnosis 
of polyposis (more than grade 2 in Lildholdt scale) by nasal 
endoscopy, and severe extensión of polyposis as confirmed by 
CT sean, showing Lund-Mackay scores higher than 10 in all 
cases. Several scales can be used for classification, including 
classification of Lildholdt, being one of the best methods for 
its assessment. It varíes from 0 (absence of polyps) to 3 (mas-
sive polyposis). On the other hand, the scale of Lund-Mackay 
is a radiological scale used for the classification of sinus 
involvement there have been different proposals throughout 
the years. This scale scores all the sinuses of each side as a 
function of its involvement and the osteomeatal complex, 
ranging from 0 to 24 considering both nostrils, and from 0 to 
12 for each nostril. For all the referred patients, FESS was 
performed by the same surgeon under general anesthesia. 

Exclusión criteria were any type of organic or neurologi-
cal pathology related to phonation or speech or having 
undergone any previous otorhinolaryngological surgical 
procedure; patients with pathological GRBAS (more than 
four) or with evident pathology in the vocal folds observed 
in the fibroscopy were also excluded from the study. 

Our protocol included the observation of demographic 
data (age, gender) main symptoms, weight and height, 
tobáceo use, and the professional use of their voice (ie, 
whether they have or not an intensive use of the voice in 
their professional activity). 

All patients were evaluated at baseline (session 1), 2 weeks 
after surgery (session 2), and 3 months later (session 3). 

GRBAS and acoustic parameters 
At each session, a GRBAS evaluation13 was also performed 
as a subjective assessment of the quality of the patient's 

voice. as done in other similar studies.7,14 Patients were 
asked at every session if they had perceived differences in 
their voice after the surgery, in order to register the subjec
tive self-evaluation of the patient in our datábase. 

Finally, voice and speech recordings were made in a 
soundproofing and acoustically conditioned room, employ-
ing an AKG C420 headset microphone, and a Soundblaster 
Live 24 bits sound card connected to a personal computer 
equipped with the PRAAT software. The recording proto
col was the same in the three sessions, collecting three utter-
ances of the vowel /a/ with a duration of at least 3 seconds, 
along with the running speech corresponding to the descrip-
tion of an illustration given to the patient. Besides, the 5 
Spanish vowels / a /, / e /, / i /, / o / and / u / were recorded 
once, although only the three repetitions of / a / was ana-
lyzed as this vowel is the most similar to the phoneme / ae / 
in English and is the most used in literature. 

The voice and speech were recorded at comfortable pitch 
and loudness. 

The acoustic analysis of the vowel /a/ was made using the 
tools provided in the WPCVox package and using ad hoc 
algorithms developed to run in a Matlab environment. 
WPCVox15 is an acoustic analysis software oriented to the 
voice quality measurement in clinical environments, profes
sional voice, and scientific research. The following parame
ters were extracted using this software: fundamental 
frequeney (F0), Jitter, Shimmer, Harmonic to Noise Ratio 
(HNR), and Noise to Harmonic Ratio (NHR). Addition-
ally, a Matlab-based software has been used to obtain dif
ferent parameters related to the resonance of the vocal 
tract, following the algorithms described by Mehta et al in 
201216; for F0, Jitter, Shimmer, HNR, and NHR. The 
obtained features were averaged using the three repetitions 
of the vowel /a/ to avoid the selection bias. 

All patients underwent the Voice Handicap Index (VHI) 
test before surgery, if there was a high VHI they were 
excluded from the study. Later, it was carried out in the 
same visits, since there was no difference and a homoge-
neous behavior, it was decided not to include it in the study. 

Methodology of SISS 
The SISS are based on complex engineering systems with 
different types of acoustic features and classification sys
tems. In our study, the MFCC characterization of the 
speech was employed along with an i-vector-Probabilistic 
Linear Discriminant Analysis (PLDA)17 classification sys-
tem in order to identify the different speakers from both 
groups using their speech. 

For this purpose, the KALDI framework18 was used, 
trained with those utterances of running speech recorded 
during the description of an image. The following procedure 
is followed to automatically identify the speaker: 

• Phase 1: the speech is normalized and resampled at 8 
kHz; then, a framing of the acoustic signal is per
formed, obtaining speech segments of 25 milliseconds 



length every 10 milliseconds, shaped using Hanning 
windows. The speech from the three different sessions 
is treated separately. 

• Phase 2: each of these segments of speech is parameter-
ized, yielding a series of vectors (one vector for each 
frame) with a number of 20 MFCC, characterizing the 
signal. First and second derivatives of the coefficients 
are added to include information of the speed and 
acceleration of variation. Thus, each frame is charac-
terized by a vector of 60 coefficients. 

• Phase 3: silences are removed, rejecting the vectors of 
characteristics belonging to the instants in which there 
is no speech. 

• Phase 4: the training of a model per speaker is carried 
out. The method requires adjusting an initial model by 
adapting a generic statistical model called Universal 
Background Model, which was initially obtained using 
the Albayzin datábase18 (resampled at 8 kHz to match 
the same conditions as the corpus used in this study). 
The Universal Background Model is adapted to the 
datábase recorded in this work to obtain a new statistical 
model calculated using the acoustic material belonging 
to the first session (before surgery). This new statistical 
model is the basis to obtain the i-vector which uniquely 
characterizes each speaker belonging to session 1. 

• Phase 5: the identification is performed following an i-
vector-PLDA classification. Once the i-vector of each 
speaker has been obtained, this is used to compare 
among speakers and different sessions through PLDA 
providing a score, which is directly linked with the 
probability that the utterance belongs to a speaker or 
not (ie, it provides an objective measure about how 
cióse a new i-vector is to the trained i-vector corre-
sponding to a certain speaker). Thus, the overall 
scheme includes one i-vector per speaker (before sur
gery), which is used to obtain different scores by com-
parison with the i-vectors obtained from every speaker 
and testing utterance of the three sessions available. 
Roughly speaking, the trained i-vector which mini-
mizes the score for a given utterance is supposed to be 
the one of the speaker the acoustic material belongs to. 

• Phase 6: the scores given by all the speakers are ana-
lyzed to obtain the Equal Error Rate (EER) of session 
1, session 2, and session 3. The EER is the point in 
which false acceptance ratio is equal to the false rejec-
tion ratio of the system. Error rates are defined as the 
ratio between the number of errors produced by the 
system and the errors made during the comparison 
between reference patterns and test characteristics. 

We use a scheme based on MFCC and i-vectors since this 
is the most accepted scheme in the state of the art for auto-
matic speaker recognition and verification purposes.19 

In this study, EER is used to measure the identification 
capabilities of the analyzed SISS. EER is one of the most 
popular figures of merit in the automatic identification-veri
fication of speaker's systems. It is defined at the point in the 

score axis where the false acceptance rate and the false rejec-
tion rate are equal. The higher the EER, the higher the error 
in identifying that speaker. 

Thus, in this study, the scores obtained with the speakers 
of session 1 are employed to obtain the EER1; the scores 
from session 2 allow to obtain EER; and those from session 
3, EER3. The comparison of the different EER in the two 
speaker groups (FESS and controls) allows to determine if 
the speaker features are different enough to produce 
changes in the identification behavior of the classifier. 

Statistical analysis 
An analysis of the calculated acoustic parameters and those 
measured for the three sessions was carried out, with a sta
tistical analysis study performed with STATA 11.1 soft
ware. The GRBAS index was measured as a continuous 
quantitative variable in Table 1 for the presurgical compari
son between groups, but then analyzed as a categorical vari
able (adding the total of the valúes in each GRBAS 
category and giving a valué that in the series ranged from 0 
to 3, at most). We applied Wilcoxon paired test to quantita
tive variable with no normal distribution intragroup, Wil-
coxon's test between groups, or Fisher's exact test for 
categorical variables. Henee, we used ANO VA for variables 
with homogeneous variances and Kruskal Walliss test for 
variables with heterogeneous variances. Holm-Bonferroni 
correction was used when múltiple repeated measures were 
done. The P valué was calculated by Fisher's Exact Test. 

RESULTS 
A total of 67 patients distributed in two groups were 
assessed: those operated on FESS; and the control group. 
Throughout the study, a total of 14 patients were not 
included (nine in the control group and five in the FESS 
group), since some of them abandoned or due to problems 
in the recording of some sessions, mainly sound interferences 
that invalidated the data. Finally, a total of 53 patients had 
all visits and recordings available to be evaluated, 26 in 
FESS group and 27 in the control group. The demographic 
data are shown in Table 1. No significant differences were 
observed between both groups in gender or age. 

Baseline data showed significant differences in GRBAS 
between both groups (2.15 media in FESS group versus 
0.63 media in control group). The data obtained comparing 
the two groups in the three sessions (baseline, 2 weeks and 3 
months), concerning GRBAS are shown in Table 2. 

When patients were questioned on their perception of 
their voice after the surgery, 50% of them had appreciated 
changes in their voice (Table 1). This change was always 
considered as positive by patients, who observed an 
improvement of their nasality and without noticing differen
ces in effort or vocal fatigue to perform the phonation. In 
the other 50% who did not notice susceptible changes, VHI 
was similar to the previous ones. 

The prívate use of SISS by patients with their own elec-
tronic recognition systems was not registered. 



TABLE1. 
Demographic Data of Patients and Baseline Nasalance Differences Between Both Groups 

VARIABLE CONTROL Group FESS Group Valué 
n = 27 n = 26 P 

GENDER >0.05 
#Men (%) 10(37.04) 12(46.15) 
#Women (%) 17(62.96) 14(53.85) 

MEAN AGE (DS) 49.44(12.27) 49.35(11.26) >0.05 
SMOKER >0.05 

#Yes (%) 11 (40.74) 9 (34.62) 
#No (%) 16(59.26) 17 (65.38) 

PROFFESIONALVOICE >0.05 
#Yes (%) 8 (29.63) 7(26.92) 
#No (%) 19(70.37) 19(73.08) 

Presurgical GRBAS (DS) 0.63(1.08) 2.15(1.25) <0.001 
SUBJECTIVECHANGE 

#Yes (%) 0 (0.00) 13(50.0) 
#No (%) 27(100.00) 13(50.0) 

With reference to the acoustic analysis, the main results 
are presented in Table 3. To reduce the inherent intra-
speaker variability, the statistical analysis was carried out 
after averaging the acoustic parameters obtained from the 
three utterances of the sustained /a/ vowel recorded in each 
session. Neither HNR, NHR, Jitter, ñor Shimmer varied in 
any cohort during the study. Nevertheless, 3 months later, 
F0 significantly decreased in FESS group. The ANOVA 
and Holm-Bonferroni did not find any heterogeneous varia
bles or cofactors influence. 

On the other hand, the EER analysis of the SISS is 
showed in Table 4. In each of the cases, the scores of each 
of the speakers with respect to all the trained models (or i-
vectors) were used to calcúlate the EER of the global 

system. The higher the EER, the greater the degree error of 
the system to identify a specific speaker. It is possible to see 
that the EER 3 is higher in the FESS group; thus, there was 
a higher error to identify FESS patients 3 months after sur-
gery, in comparison to the control group. 

In addition, a correlation between patients who noticed 
the greatest subjective change after surgery, those with 
higher changes in F0, and those that the SISS detected 
worse was found. 

DISCUSSION 
The changes in the vocal tract after surgery, and more spe-
cifically in the nasal cavity, can affect the quality of the 

TABLE 2. 
Comparison Intragroups of GRBAS. Number of Patients and Percentage of Each GRABS 

Variable Baseline 2 Weeks Postopt 3 Months Postop* Valué P5 

FESS groupI ;n = 26) 
GRBAS mean (DS) 2.15(1.25) 1.69(1.09) 0.92(1.02) <0.05 

0 (%) 4(15.38) 6 (23.08) 14(53.85) <0.05 
1 (%) 0(0.0) 0(0.0) 0(0.0) 
2 (%) 16(61.54) 18(69.23) 12(46.15) 
3 (%) 0(0.0) 0(0.0) 0(0.0) 
4 (%) 6 (23.08) 2 (7.69) 0(0.0) 

CONTROL group(n = = 27) 
GRBAS mean (DS) 0.63(1.08) 0.68(1.11) 0.59(1.08) >0.05 

0 (%) 19(70.4) 17(68) 20(74.1) >0.05 
1 (%) 1 (3.7) 1(4) 0(0.0) 
2 (%) 6(22.2) 6(24) 6(22.2) 
3 (%) 0(0.0) 0(0.0) 0(0.0) 
4 (%) 1 (3.7) 1(4) 1 (3.7) 

* Presurgical Parameter (Baseline). 
f Two weeks Postsurgical Measurement. 
* Three Months Postsurgi cal Measurement. 
5 Valué ofP. 



TABLE 3. 
Intragroups Comparison of Acoustic Parameters Averaging 1 
Hertz (Hz) 

Variable Baseline 2 Weeks Postopt 

FESS (n = 26) 
FO 145.64(42.80) 145.13(41.95) 
Jitter 1.84(1.32) 1.87(1.14) 
Shimmer 4.06(1.64) 3.92(1.48) 
HNR 13.49(3.35) 14.08(2.76) 
NHR 0.03 (0.024) 0.031 (0.029) 
DNTROL(n = 27) 
FO 144.75(30.40) 142.69(33.35) 
Jitter 2.0869(2.25) 1.7184(1.69) 
Shimmer 4.0354(1.88) 3.9846(1.47) 
HNR 13.476(3.97) 13.836(3.69) 
NHR 0.0581 (0.09) 0.0383 (0.04) 

* Presurgical Parameter (session 1). 
f Two Weeks Postsurgical Measurement (Aession 2). 
* Three Months Postsurgical Measurement (Session 3). 
5 Valué ofP. 

voice and the different acoustic parameters, producing an 
alteration in the recognition of speaker's voices. Conse-
quently, these changes may affect the SISS, in such a way 
that these systems may not recognize the user after a surgery 
in the vocal tract. 

There are several studies that have assessed the influence 
of FESS on acoustic parameters or subjective changes in the 
patient's voice,4-9 but, to the author's knowledge, no work 
had previously studied the changes that FESS or other simi
lar surgery may affect SISS. 

In our study, basal presurgical GRBAS were significantly 
different between FESS patients and controls (Table 1). This 
difference could be due to the fact that FESS candidates suf-
fered severe nasal obstruction and greater oral breathing, 
and this could alter the resonance of the vocal tract and 
therefore the perception of the voice and speech by a voice 
pathologist. After FESS, a significant change of GRBAS in 
the FESS group was found, while there were no significant 
changes in the control group (Table 2). One reason of this 
change may be the fact that by having a better nasal passage, 
the oral respiration decreases, and thus GRBAS score shows 
lower valúes in the following visits after surgery, while in the 
control group this does not happen. 

On the other hand, there are several works reporting 
acoustic changes of voice after FESS. Kim YH et al in 
20137 studied 50 patients who underwent isolated FESS, 

TABLE 4. 
EER Score by Group and by Stage. 

GRUPO EER1 EER2 EER3 

Control 
FESS 

0 
0 

3.84615385 
3.7037037 

3.84615385 
14.8148148 

e Results of the three utterances of the vowel /a/ . Valúes in 

Valué P* 3 Months Postop5 Valué P* 

>0.05 139.70(37.54) <0.05 
>0.05 2.02(1.36) >0.05 
>0.05 4.00(1.65) >0.05 
>0.05 13.30(2.94) >0.05 
>0.05 0.04 (0.038) >0.05 

>0.05 141.70(31.76) >0.05 
>0.05 2.1132(1.23) >0.05 
>0.05 3.7367(1.32) >0.05 
>0.05 13.016(3.45) >0.05 
>0.05 0.0369 (0.029) >0.05 

septoplasty, and the combination of both. They only 
observed an improvement in GRBAS, and an increase of 
nasalance at 1 month after surgery, but after 3 months these 
returned to presurgical valúes. Brandt et al8 elaborated a 
study of 14 patients operated on septoplasty, FESS and sep-
torhinoplasty, in which recordings were made of the vowels 
held /a/, /i/ and IvJ and reading text. They analyzed: F0, Jit
ter, Shimmer, HNR and conclude that they do not found 
changes in any parameter except in HNR. Acar et al9 col-
lected a total of 43 patients with polyposis and divided them 
according to their degree on the Lildholdt scale into three 
groups (grade I, II, and III) to analyze the acoustic parame
ters after surgery. Then, they recorded the vowel held /a/ 
and analyze the F0, Jitter, Shimmer, and NHR, preopera-
tively and at 6 weeks after FESS. They concluded that the 
results do not vary in the different groups except the Shim
mer in group III, and there is a tendency to increase the F0, 
without being significant. 

These three papers obtained nonconclusive results proba-
bly related to scarce and heterogeneous samples, without 
comparing them to a control group. 

In our study, after FESS the acoustic parameters showed 
that F0 decreases 3 months after surgery, with statistical sig-
nificance compared to the control group (Table 4). It is not 
known exactly why the F0 changed in the operated group, 
but in other published studies variations in the F0 have also 
been observed after FESS. ' ' According to the filter 
source theory, the F0 can be affected by modifying the vocal 
tract, as it occurs in this study. Therefore, modifications in 
the vocal tract may affect the source, explaining the effect in 
the F0, through a better nasal permeability in inspiration 
and a better resonance of the nasal cavity. Also, after FESS, 
nasal breathing improves because of a greater nasal pas
sage, decreasing oral breathing in these patients. Another 
possibility is that this change in F0 can be associated to the 



changes in the subjective self-perception of the patient's 
voice after surgery, which was observed in half of our 
patients, correlating to the change in FO.22 

In relation to SISS, to our knowledge, this is the first arti-
cle analyzing the behavior of these systems after surgery of 
the vocal tract of the speakers involved. In our study, we 
observed that FESS significantly increased the EER for 
speaker recognition with respect to the control group by a 
factor of 3.86 (14.81 versus 3.84). 

These differences in the EER suggest that there are 
changes in the speech signal of some of the patients after 
surgery that affects the recognition systems leading to a 
wrong recognition of some of them. These results give inno-
vative information applicable to the computer systems used 
nowadays. 

Limitations of the study are that the use of rhinomanom-
etry could have helped and granted more parameters to the 
study, it was not included in the protocol, as it had already 
been analyzed previously in the literature.6-9,21 

In the same sense, it is not clear if the use of other vowels 
would have yielded different results as some works sug
gest.23 To this respect, further studies employing three repe-
titions of the rest of Spanish vowels must be addressed in 
the future. Also, the combination of traditional acoustic 
parameters and other new such as modulation speetrum 
morphological parameters24 or complexity measurements25 

must be employed in future works. 
Further studies including more types of surgery and 

patients in combination with other set-ups for speaker iden-
tification are needed to corrobórate these results. This study 
can be the beginning of future research respecting that type 
of analysis in order to provide more information of the 
acoustic changes of the vocal tract after surgery, and their 
influence in the computer systems. 

As a conclusión, in our study FESS produced changes in 
the vocal tract, with a decrease of FO, disturbing the percep-
tion of speech and affecting SISS performance, yielding 
lower speaker recognition rates 3 months after surgery in 
patients who undergone FESS. 
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