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ABSTRACT

Today transoral laser microsurgery is considered as one of the first options to control
early laryngeal cancer, and voice disorder is one of the inevitable complications of this therapeutic
component. This study aimed to compare the vocal function in patients with early-stage laryngeal
cancer following laser surgery with healthy individuals with normal voice quality using acoustic
analysis and the voice handicap index and to examine the correlation between the results of these
two evaluations in each group.
The current research is a descriptive-correlational and comparative study that was
cross-sectioned using convenience sampling into two groups consisting of 60 men (Mean+SD of age
59.18+5.170 years) with early laryngeal cancer undergoing laser surgery as a patient group and 60 men
(Mean+SD of age 56.68+5.491 years) with normal voice quality, and without any history of voice disorder
as a control. The vocal function of participants was assessed using acoustic parameters (including jitter,
shimmer, harmonic to noise ratio, fundamental frequency, smoothed cepstral peak prominence) and a
30-item Persian version of the voice handicap index questionnaire (including overall score and scores
of physical, emotional and functional subscale). Then, data were analyzed using SPSS software, version
20, descriptive statistics, Kolmogorov-Smirnov, independent t-test, and Pearson correlation coefficient
at the P<0.05.
[{EENTE The results show that the acoustic parameters and voice handicap index in the group undergoing
laser surgery are significantly different from the control group (P<0.001). Also, a significant direct
correlation between jitter and shimmer with total score and physical subscale of VHI, a significant inverse
correlation between the harmonic-to-noise ratio and total score, functional and physical subscales
of VHI, as well as between smoothed cepstral peak prominence with total score and all subscales of
VHI (P<0.05). In addition, in the control group, there is no significant correlation between the acoustic
parameters and the subscales of the voice handicap index (P<0.05).
[@TEIERT The findings of the acoustic analysis and the voice handicap index show impairment in vocal
function and a decrease in voice-related quality of life (QoL) in patients with early laryngeal cancer
after laser surgery. Furthermore, a significant correlation between the scores of the voice handicap
index and acoustic analysis parameters, especially cepstral analysis indicates the necessity to pay
¢ attention to frequency-based analysis. Therefore the results of the present study emphasize the need
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Introduction

ancers of the head and neck area are con-

sidered to be the most common malignan-

cies of the body [1], and among its differ-

ent types, it is particularly essential to pay

attention to the involvement of the larynx

area as the vital structure of the swallow-
ing-respiratory system [2]. Statistics show that this type
of cancer accounts for approximately 30% of all head and
neck malignancies and 1% of all cancers, especially in the
sixth and seventh decades of men’s lives [3, 4]. This com-
plication is shown in the form of irregular white or red lo-
calized thickenings in the videolaryngoscopy evaluation
of microscopic manifestations, and based on the Ameri-
can Joint Committee on Cancer (AJCC) classification
known as tumor node metastasis staging system (TNM),
is divided into two growth stages consisting of early can-
cer (tumor size 0, I and IT) and advanced laryngeal cancer
(tumor size III and IV) [7]. After the appearance of the
first clinical manifestations, the main goal and the first
line of treatment measures in the medical field is to pre-
vent progress, remove cancer cells and save the person’s
life; for this purpose, oncological treatments designed for
patients with laryngeal cancer include a variety of surgi-
cal methods, radiation, and chemotherapy [8, 9] and in
case of disease progression and to achieve the maximum
result, a combination of the mentioned methods is pre-
scribed for the disease control [10].

Studies show that in the early stages of disease progres-
sion, CO, transoral laser microsurgery (CO, TLM) is con-
sidered as one of the first options in the treatment of this
complication due to fewer complications and a significant
success rate of disease control [11]. While the clinical evi-
dence of the voice field shows the spectrum experience
of different severities of voice disorders in people treated
with transoral laser microsurgery [14, 15], the evaluation
of its different angles highly helps in choosing an ap-
proach appropriate to the individual’s conditions and pro-
viding timely voice rehabilitation courses and programs
to experts in this field.

In this regard, the proposed program resulting from the
joint meeting of European laryngological society (ELS)
considers the comprehensive evaluation of vocal function
dependent on the combined use of objective, subjective
analyzes and self-perceived evaluations [18]. Among the
different types of voice evaluations, acoustic analysis of
voice signal samples has become an essential compo-
nent in the evaluation of vocal function during the last

few decades due to easy application, repeatability, non-
invasiveness, quantification, and objectivity [19]. The
voice handicap index (VHI) questionnaire is also one of
the most widely used self-reporting tools that examine
psycho-social results and a sense of disability caused by
voice disorders in different physical, emotional, and func-
tional dimensions from the patient’s point of view [29].

Regarding laryngeal cancer, the description and com-
parison of vocal characteristics of patients at different
levels of disease progression and the evaluation of the
correlation between objective evaluations and different
instruments for measuring the voice-related quality of life
(QoL) has been the subject of a limited number of studies.
For example, the findings of Carlsen et al.’s study on 229
patients with various voice disorders, including laryngeal
cancer, also show a correlation between voice handicap
index and jitter, shimmer, and harmonic-to-noise ratio
(HNR) parameters in this group [36].

The present study, by understanding the need for a com-
prehensive evaluation of voice characteristics and consid-
ering the complex nature of voice disorders, the knowl-
edge gap, the unique features and the distinct structure of
the Persian language and culture, using acoustic analysis
and the voice handicap index, investigates the vocal qual-
ity, the existence of a correlation between objective evalu-
ations and the perception of patients with early laryngeal
cancers after transoral laser microsurgery and compares
the findings obtained from the voice quality of healthy
individuals so that it can be useful for researchers and
therapists in this field by creating a clear picture of the vo-
cal status of patients after the completion of oncological
treatment courses.

Materials and Methods

The current research is a descriptive, correlational, and
comparative study that was conducted cross-sectionally
on 120 participants aged 18 to 65 years (with Mean+SD
of age 51.7248.681) in the form of two groups with laryn-
geal cancer and controls. The patient sample included 60
men with early laryngeal cancer and undergoing transoral
laser mirosurgery, who were selected according to the
inclusion criteria by the convenience sampling method
in the routine visit of people referring to the ear, nose
and throat clinic of Amir A'lam Hospital Complex. The
control sample also included 60 men with normal voice
quality, which was prepared by convinince sampling from
healthy people of the population.
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In this study, the inclusion criteria of subjects in the pa-
tient group included people who had undergone transoral
laser microsurgery in glottis area due to early laryngeal
cancer. It should be noted that in the present study, the
characteristics of the lesion (including the stage and char-
acteristics of the primary tumor) were determined accord-
ing to the diagnosis of the ear, nose and throat specialist
based on the TNM staging system [37] and based on the
consensus of the results of direct laryngoscopy evalu-
ation and the written report of the pathology laboratory
from the biopsy of the lesion. The selection criteria for
the control group included Farsi-speaking, no speech and
language disorders, no history of any surgery in the head
and neck area, and the presence of normal voice quality
based on the perceptual judgment of a speech and lan-
guage pathologist. In addition, in both groups, the exclu-
sion criteria included a distortion of voice samples and the
participants’ unwillingness to cooperate. Table 1 presents
other clinical information of participants with early laryn-
geal carcinoma.

In this study, to collect acoustic data from the analysis
of the signal obtained from 3-5 s of continuous stretch-
ing of the vowel /a/ by jitter, shimmer, HNR fundamental
frequency, fundamental frequency and the Cepstral peak
prominence smoothed (CPPS) in Praat software, version
1.6.49 was used. In this way, after understanding the pro-
cess and practicing the test related to sampling, the voice
of the people were recorded using a voice recorder (Zoom
brand model H1n with a sampling rate of 24 bits/96 kHz)
at an angle of 45 degrees and a distance of 10 cm to the
mouth of the participants in WAV format. It should be
noted that the data related to the CPPS parameter was ex-
tracted according to the settings suggested by Fadke [39].
Then, the Persian version with 30 items of the voice voice
handicap index was provided to the participants, and how
to complete the questionnaire was explained.

In the present study, data were analyzed using SPSS soft-
ware, version 20. Also, using the results of Kolmogorov
Smirnov test, it was found that the data follow the normal
distribution. Then, descriptive statistics, including calcula-

April 2023. Vol 24. Num 1

tion of central tendency and dispersion indices, independent
t-test for between-group comparison and Pearson correla-
tion test were used to examine intragroup relationships of
the studied variables at a significance level of less than 0.05.

Results

This research was conducted with 120 male participants
in the form of two groups of patients (60 people) and con-
trol (60 people). Table 2 presents the age information of
the participants.

According to the descriptive findings in Table 2, the
Mean+SD of the age of the patient group was 59.18+5.170
and the control group was 56.68+5.491 years. Table 3 also
reports the results of the between-group comparison of
acoustic parameter values.

Based on the findings of the above table, the mean
values of acoustic analysis parameters, including jitter,
shimmer and fundamental frequency of the patient group
are significantly higher compared to the control group
(P<0.001). Also, the mean values of the parameters of the
HNR and the CPPS of the subjects undergoing transoral
laser microsurgery were lower than healthy subjects of
the control group, and these differences are also statisti-
cally significant (P<0.001). Table 4 presents the results of
the comparison of the mean total score and the scores of
functional, physical and emotional subscales.

The results of the between-group comparison of the
VHI average and its subscales in the above table show a
statistically significant difference between the patient and
control groups (P<0.001). Table 5 presents the results of
the correlation between the acoustic parameters with the
total score and the scores of the subscales of the voice
handicap index in the patient group.

As mentioned, Pearson’s correlation coefficient was
used to know the relationships between research variables
in the patient group; the results indicated a direct and sig-
nificant correlation between the jitter parameter and the

Table 1. Clinical Information of the patients with early laryngeal carcinoma after transoral laser microsurgery

No. (%)
Cancer Stage Smoking Alcohol Drinking
T1 T2 Non-smoker  Quit smoking >12 months Smoker Alcoholic person Non-alcoholic person
21(35) 39(65) 3(5) 32(53.3) 25(41.6) 10(16.6) 50(83.3)

T1: Tumor size 1, T2: Tumor size 2.
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Table 2. Results of distribution of age variable in group

Group No. Age (y) MeaniSD
Patients 60 49-65 59.184+5.170
Control 60 26-63 56.68+5.491
Total 120 26-65 51.72+8.681
Rehabilitation
total score (r=0.258 and P=0.046) and physical subscale Discussion

scores (r=0.389 and P=0.002) of the voice handicap index.
The same results were repeated regarding Shimmer and it
was found that this parameter has a direct correlation with
the total score (r=0.316 and P=0.014) and the physical
subscale score (1=0.427 and P=0.001) of VHI. The HNR
parameter has an inverse, weak and significant relation-
ship with the total score (r=0.003 and P=-0.373) and the
scores of physical (r=-0.427 and P=0.001) and functional
(r=-0.332 and P=-0.010). Also, the CPPS parameter has
an inverse and significant relationship with the total score
(r=-0.486 and P=0.003) and the scores of three functional
(r=-0.243 and P=0.042), physical (r=-0.338 and P=0.008)
and emotional (r=0.486 and P=0.003) subscales of voice
handicap index. On the other hand, according to the results
of the correlation test, no significant relationship (P<0.05)
was observed between the fundamental frequency and the
subscales of the voice handicap index (Table 5). Table 6
presents the results of the correlation between the acoustic
parameters with the total score and the scores of the sub-
scales of the voice handicap index in the control group.

The results of Table 6 regarding the correlation test
show no significant relationship between the acoustic pa-
rameters and the subscales of the voice handicap index in
the control group (P<0.05).

Squamous cell carcinoma of the larynx accounts for a
significant share of head and neck cancers [2], and tran-
soral laser microsurgery with a disease-free survival rate
of 60% is one of the first control programs for this condi-
tion [42]. On the other hand, clinical evidence shows that
after completing the duration of this oncological treat-
ment, patients have faced numerous side effects in vari-
ous aspects of daily life, the result of which endangers the
health of vocal function and the physical, psychological
and social aspects of a person’s life [43]. Therefore, in the
first step of the current study, the vocal characteristics of
patients with early laryngeal cancer after transoral laser
microsurgery were investigated by acoustic evaluations
and the self-assessment scale of the voice handicap index,
and the findings were compared with the information of
the control group consisting of healthy individuals with
normal voice quality. Then, the correlation of the results
of acoustic evaluations with the total score and subscales
of VHI was studied in the patient group.

The findings of the acoustic analysis of the voice sig-
nal in the group under transoral laser microsurgery show
a significant difference in jitter, shimmer, HNR and CPPS
parameters compared to the control group. This finding is
consistent with the research results of Haddad et al. [48],

Table 3. The results of comparing the values of acoustic parameters between the patient and control groups

Mean1SD
Variables T statistics DF P
Patients Control
Jitter 3.503+2.231 1.030+£0.813 3.717 73.548 <0.001
Shimmer 11.566+7.117 3.077£1.199 9.103 62.348 <0.001
Fundamental fre- 175.410+45.485 143.353+29.339 4561 0.850 <0.001
quency

HNR 6.902+4.870 11.519+4.131 -5.599 118 <0.001
CPPS 6.975+3.327 10.43143.740 -6.441 118 <0.001

Archives of
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Table 4. The results of comparing the mean total scores and subscales of voice handicap index between patients and control groups

Mean+SD
Variables t Statistics DF P
Patients Control
Functional scale 22.05+4.417 2.58+1.109 33.113 66.413 <0.001
Physical scale 22.23+5.619 2.68+1.408 26.142 66.382 <0.001
Emotional scale 18.30+4.507 2.70+£1.476 25.478 71.516 0.001
Total 62.62+12.155 10.30£4.093 31.597 72.214 <0.001

Vilaseca et al. [49] and Karlsen et al. [36]. Because inflam-
mation, swelling and scar formation in the vocal folds are
inevitable complications of transoral laser surgery and af-
fect the health of phonation [17, 50]. This issue is consid-
ered to be one of the long-term complications of surgery
in tumors of the glottis area and is the basis for a range of
functional disorders; therefore, it seems that the observed
difference is related to the formation of uneven scar sur-
faces in the vibrating parts of the vocal folds, which by
changing the viscoelasticity property and reducing the vi-
bration power [51] has led to the lack of periodicity and
coordination in the vibration cycle, the result of which is
evident in the acoustic analysis of the audio signal. [52].
Also, in the present study, a significant increase in the fun-
damental frequency parameter was observed in the patient
group. This finding is consistent with the results of Luo et
al.’s study [53] and inconsistent with the results of Had-
dad et al.’s study [48]. This issue can be justified for two
reasons. The first reason is related to the factors affecting
the physical changes of the fundamental frequency, which
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consists of the components of length, mass, and tension
force of vocal folds [53]; therefore, it is expected that the
fundamental frequency will increase by reducing the mass
caused by vocal fold surgery. The second reason is also
related to the inevitable changes in the sensory-motor
components of the larynx after transoral laser microsur-
gery, which people compensate by hyper functioning the
internal and external muscles of the larynx, which leads to
a strained and hoarsed quality of voice.

Also, the results of comparing the total scores and sub-
scales of the voice handicap index in people undergoing
transoral laser microsurgery with healthy people indicat-
ed a significant difference in the QoL of patients under-
going trasoral laser microsurgery with the control group.
Because voice disorders affect the communication, social
interactions and QoL of a person and lead to many prob-
lems in different dimensions of emotional, social and eco-
nomic life. In this way, despite the remarkable success of
transoral laser microsurgery in controlling malignancy, it

Table 5. The results of investigating the correlation between acoustic parameters with the total score and scores of the subscales of

the voice handicap index in the patient group

Voice Handicap Index

Variables Functional Scale Emotional Scale Physical Scale Total
p r p r p r p r
litter 0.077 0.230 0.849 -0.025 0.002 0.389 0.046 0.258
Shimmer 0.061 0.243 0.614 0.066 0.001 0.427 0.014 0.316
HNR 0.010 -0.332 0.278 0.142 0.001 -0.427 -0.373 0.003
Base frequency 0.611 -0.067 0.921 -0.113 0.871 -0.179 0.392 -0.113
CPPS 0.042 -0.243 0.032 -0.101 0.008 -0.338 0.003 -0.486

HNR: Harmonic-noise-ratio; CPPS: Cepstral peak prominence smoothed.
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Table 6. The results of the correlation between the acoustic parameters with the total score and the scores of the subscales of the
voice handicap index in the control group

Voice Handicap Index

Variables Functional Scale Emotional Scale Physical Scale Total
p r p r p r p r
Jitter 0.436 -0.102 0.490 -0.091 0.149 -0.189 0.079 0.228
Shimmer 0.899 0.017 0.476 -0.094 0.20 -0.165 0.308 -0.134
HNR 0.956 0.007 0.544 -0.080 0.680 -0.054 0.414 -0.108
AL 0.879 -0.015 0.226 -0.159 0.989 -0.002 0357 -0.121
frequency
CPPS 0.857 0.005 0.691 -0.052 0.561 -0.077 0.530 -0.083

Abbreviations: HNR: Harmonic-noise-ratio; CPPS: Cepstral peak prominence smoothed.

is necessary to pay attention to psychological issues and
QoL of people by presenting an integrated program along
with conventional medical interventions and voice reha-
bilitation.

Other findings of this study include the non-correlation
of acoustic parameters and the voice handicap index in
the control group and the significant inverse correlation of
the total scores and the scores of the subscales of the voice
handicap index with the parameter of CPPS. These results
regarding the correlation of other acoustic parameters
did not exist completely. A possible explanation is that
cepstral analysis have been the best available method to
evaluate voice quality even in samples with high degree
of hoarseness due to the high correlation with breathiness
and voice harshness components in both vowel and con-
tinuous speech tests [19, 54], while studies show that the
accuracy of the values of time-based parameters in the
mentioned samples is doubtful [55]. Therefore, it is rec-
ommended that, along with physical and functional eval-
uation, the patient’s experiences of his/her voice should
be checked and supplemented with objective and more
accurate measures, such as frequency-based analysis.

Conclusion

In the present study, acoustic analysis and voice handi-
cap index showed a significant difference between the
group undergoing transoral laser microsurgery and
healthy individuals, which emphasizes the need for voice
rehabilitation and attention to psychological and social is-
sues in the treatment planning of this group of patients.

Also, a significant correlation is observed between the
voice handicap index and the acoustic analysis param-
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eters, especially the Cepstral analysis. Therefore, con-
sensus and comprehensive examination of vocal function
with subjective and objective measures and attention to
patient experiences provide useful information to special-
ists and therapists in the field of evaluation and rehabili-
tation of patients with cancer and undergoing laryngeal
laser microsurgery. One of the limitations of the present
study was the lack of examination of women with laryn-
geal cancer due to the low frequency and lack of access
to this population. Therefore, it is suggested to pay special
attention to this group in future studies. It is also recom-
mended that in future studies, the vocal function of pa-
tients with advanced levels of laryngeal cancer and those
treated with a combination of interventions, such as ra-
diation and chemotherapy and including a set of compre-
hensive evaluations, such as aerodynamic evaluations and
videolaryngosteroscopy should be considered.
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4. Viscoelasticity
5. European Laryngological Society (ELS)
6. International Classification of Functioning, Disability and Health (ICF)
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1. American Joint Committee (AJCC)
2. Tumor Node Metastasis Staging System (TNM)
3. CO, Transoral Laser Microsurgery (CO, TLM)
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7. Voice Handicap Index (VHI)
8. Hamzany
9. Voice Related Quality of Life (V-RQOL)
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10. Smoothed Cepstral Peak Prominence (CPPS)
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11. Disease-free survival rate
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