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Abstract
The aim of the current study was to evaluate the clinical effectiveness of voice training on patients with
vocal cord polyps after phonomicrosurgery. The experimental group included 55 patients with vocal
cord polyps after phonomicrosurgery that underwent voice training. Laryngostroboscopy, Voice
Handicap Index (VHI), and Dysphonia Severity Index (DSI) were applied to evaluate patient voice
quality. In the control group, no voice training was imparted to 41 patients after phonomicrosurgery.
The inter- and intra-group differences in laryngostroboscopy, VHI, and DSI were compared statistically.
No statistical inter-group difference was noted in the mucosal wave and incomplete glottal closure
between the two groups, before and after surgery. Further, there was no statistical inter-group difference
in the VHI, MPT, Jitter, F0-High, I-Low, and DSI values between the two groups before surgery.
Although the VHI value improved in both groups after surgery, its value was lower in the experimental
group than in the control group after surgery. Further, the value of Jitter was lower in the experimental
group than that in the control group after surgery. After surgery, Jitter, I-Low, and DSI values improved
in the experimental group but the control group showed improvements only in the Jitter and DSI values.
Laryngostroboscopy, VHI, and DSI can be used to comprehensively assess the voice quality of patients
with vocal polyps before and after phonomicrosurgery. Voice training improves the self-evaluated voice
quality and vocal stability in patients after phonomicrosurgery.
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Introduction
Clinically, a vocal cord polyp is a common benign vocal
proliferative disease, which occurs in the superficial layer of
vocal fold lamina propria. Previous research has demonstrated
that phonomicrosurgery, including the use of CO2 laser and
cold excision, can improve the voice handicap in patients with
vocal cord polyps with a low recurrence rate. This confirmed
the important role of phonomicrosurgery in the treatment of
vocal cord polyps [1-3].
In-depth research on the microstructure and vocal mechanism
of vocal cords verified that voice therapy has certain
therapeutic effects on vocal cord polyps [4,5]. The core
contents of voice therapy include voice training and vocal
hygiene education. Voice training mainly consists of relaxation
training, breathing exercises, vocal function exercises, resonant
improvement exercises, and carryover exercises. Vocal hygiene
education mainly involves the prevention of misuse and abuse
of voice. Ju et al. [6] systematically studied changes of
indicators such as acoustics, aerodynamics, and self-perceived
voice handicap of patients with vocal cord polyps using voice
therapy after phonomicrosurgery. They found that voice
therapy could preferably improve the self-perceived voice
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quality of patients after phonomicrosurgery. However,
clinicians who observe the clinical effects of patients using
voice therapy after phonomicrosurgery need an assessment tool
that is relatively easy to operate, allows assessment of results
quickly, and is reliable and reproducible.
The assessment methods for voice quality that are commonly
used in clinic include laryngostroboscopy, the Voice Handicap
Index (VHI), and Dysphonia Severity Index (DSI) [7-11]. The
current study aimed to evaluate the clinical effect of voice
training on patients with vocal cord polyps after
phonomicrosurgery using these assessment tools.

Methods
Subjects
From September 2011 to December 2012, 55 patients with
vocal cord polyps were enrolled in the experimental group at
the Department of Otolaryngology in Jinhua Central Hospital.
The inclusion criteria were as follows: (1) a chief complaint of
hoarseness with a course of disease more than three months,
(2) confirmation by laryngoscopy that the first and second 1/3
junction surface at the edge of the vocal cords were smooth
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and that translucent pedunculated neoplasm or fusiform
translucent smooth neoplasm with a wider base were formed
by the free edge of the vocal cords, and (3) agreement to voice
training treatment after surgery. The exclusion criteria included
vocal cord tumors, vocal nodules or Reinke's oedema, and a
medical history of laryngopharyngeal reflux disease. In the
control group, 41 patients with vocal cord polyps were enrolled
to participate in the study. The inclusion and exclusion criteria
were the same as the experimental group, except postoperative
voice training was not included. All patients were provided
with vocal hygiene education for one month prior to surgery.
This study was conducted in accordance with the declaration of
Helsinki. This study was conducted with approval from the
Ethics Committee of Jinhua Central Hospital. Written informed
consent was obtained from all participants.
In both the experimental group and control group, no statistical
difference was found for clinical factors including sex, age,
course of disease, and professional voice. In the study, a
“professional voice” referred to the voice of teachers,
salesmen, consultants, tour guides, etc., who have worked in
their respective fields for more than six months (Table 1).
Table 1. Statistical analysis of basic information in two groups.
Parameters

Experimental
(n=55)

group Control
(n=41)

Gender (n (%))

group P

0.818

Male

9 (16.4%)

4 (9.8%)

Female

46 (83.6%)

37 (90.2%)

Age (mean ± SD; y)

36.95 ± 8.74

35.56 ± 9.09

0.835

9.32 ± 4.82

0.777

Course (mean ± SD; 9.27 ± 4.3
m)
Professional voice? (n (%))

0.863

Yes

16 (29.1%)

11 (26.8%)

No

39 (70.9%)

30 (73.2%)

Laryngostroboscopy
The laryngostroboscopy system (XION Co., Ltd., Germany)
was used to examine patients, who were in a seated position, in
a quiet environment. The pharyngeal mucosa was anesthetized
with 1% tetracaine that was sprayed thrice. Patients were asked
to relax and breathe calmly. The rigid laryngoscope was placed
at an angle of 70 degrees into the mouth of the examinees. The
lens was closed to the posterior pharyngeal wall and in parallel
to the level of the vocal cord. Examinees were instructed to
produce/I/. A designated examiner observed the examinees’
vocal cord polyp volume and location, vocal fold vibration
symmetry, period, amplitude and closure, and mucosal waves
on a monitor, videoed them, and assessed characteristics of the
disease condition.
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Subjective evaluation of self-perceived voice handicap
A resident was assigned to explain the significance of
investigation to the patients. Using the Chinese version of VHI
[12], patients graded the Physical (P), Functional (F), and
Emotional (E) parts on their own. Each part consisted of 10
questions with the corresponding options individually
representing the frequency of episodes: 0 as “never”, 1 as
“seldom”, 2 as “sometimes”, 3 as “often”, and 4 as “always”.
In each part, the total score was the sum of the scores for each
of the 10 questions, which ranged from zero to 40. The total
score (T) was the sum of these three parts, which ranged from
zero to 120. A higher score in an individual part indicated a
significant effect of voice handicap on this part, while a higher
total score suggested a more severe subjective evaluation of
self-perceived voice handicap.

Objective acoustic and aerodynamic assessment and
the calculation of dysphonia severity index
The assessment was carried out in a voice test chamber using
DiVAS voice analysis software (XION Co., Ltd., Germany), in
line with the acoustic standards in a living room. A headset
microphone was worn and the microphone probe was
positioned 30 cm away from the mouth. The patients were
asked to relax and breathe calmly. The MPT, Jitter, F0-High,
and I-Low tests were performed according to the methodology
outlined below, and the DSI score was calculated.
MPT test: After taking a deep breath, patients were asked to
continuously pronounce the vowel “a” with a self-perceived
comfortable tone and loudness of sound, for as long as
possible. Tone and loudness were tested thrice. The sound
sample with the longest duration was used in the test.
Jitter test: Patients were asked to continuously pronounce the
vowel “a” with a self-perceived comfortable tone and loudness
of a sound, for as long as possible. The duration was about
three seconds. Tone and loudness were tested thrice. The Jitter
value of each sample, ranging from 0.5 to 1.5 s, was evaluated
and the final measurement was calculated as the average
reading noted across the three trials.
F0-high and I-low tests: Patients were asked to pronounce the
vowel “a” with a self-perceived comfortable tone and loudness
of a sound, allowing the particularly comfortable tone and
loudness to be noted. Based on these values, the highest and
lowest possible tone and loudness were recorded. F0-High and
I-Low of test results were adopted. The final measurement was
noted as the average reading observed across the three trials.
Calculation of the DSI score: Based on the adopted MPT,
Jitter, F0-High, and I-Low values, the DiVAS voice analysis
software was applied to calculate the DSI score.

Surgical methods
All patients were administered general anesthesia and
microsurgery was performed by an experienced otolaryngology
practitioner. The pedunculated polyps were cut and excised
from the polyp pedicle. The interior micro-valve technique was
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applied for polyps with a wide base. The microstructure of the
vocal cords was retained as much as was possible.

DSI scores in the control group were improved after surgery
(Table 2).

Voice training program

Table 2. Intra-group evaluation of laryngostroboscopy, VHI, DSI in
two groups of patients before and after surgery.

Patients received the voice training for about three months,
once every two weeks, for duration of approximately 60-90
min. Four physicians educated with knowledge and skills of
voice therapy from the Department of Otolaryngology
presented brief explanations about vocal polyps and voice
therapy. The contents of training primarily included: (1)
relaxation training, (2) breathing exercises, (3) vocal function
exercises, (4) resonant improvement exercises, (5) carryover
exercises, (6) prevention of misuse and abuse of voice, and (7)
popularization of health knowledge of voice use [13,14]. At
each session, the patients practiced the techniques of correct
voice emission. All patients received voice treatment training
materials created by us with repeated emphasis on
individualized practice at home. The effects of the home
practice were evaluated at the beginning of each subsequent
session. We also monitored the progress of exercise and
answered patient questions by telephone follow-up.

Evaluation of effectiveness
Laryngostroboscopy was conducted again four months after
surgery. The disappearance of vocal cord polyps was
considered as the criterion of cure. We re-evaluated the VHI,
MPT, Jitter, F0-High, and I-Low were tested to calculate the
DSI score.

Statistical analysis
If the data met normality and homogeneity of variance criteria,
the mean ± standard deviation were considered as descriptive
statistics and a t-test was applied to analyse differences
between the two groups. If the data did not meet the criteria of
normality and homogeneity of variance, however, the median
and quartiles were considered as descriptive statistics and a
rank sum test was applied to analyse group differences. A pvalue less than 0.05 was considered to be statistically
significant.

Results
General therapeutic effects
The amplitude, symmetry, and periodicity of two groups of
vocal cord vibrations in the two groups of patients before
surgery were normal. In the experimental group, a weakened
mucosal wave was noted and an incomplete glottal closure was
observed in 18 and 21 patients, respectively. In the control
group, 3 patients showed a weakened mucosal wave while an
incomplete glottal closure was found in 16 patients. After
surgery, laryngoscopy showed that there was no polyp
recurrence in either group. The mucosal wave, glottal closure,
and VHI scores (E, F, P, T) in both groups, the Jitter, I-Low,
and DSI scores in the experimental group, and the Jitter and
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Parameters

Before surgery Postoperative
follow-up

z/t

p

-4.12

0

-4.58

0

Experimental group
Mucosal wave (n (%))
Normal mucosal wave
Weakened
wave

37 (67.3%)

mucosal 18 (32.7%)

54 (98.2%)
1 (1.8%)

Glottal closure (n (%))
Normal glottal closure
Incomplete
closure

34 (61.8%)

glottal 21 (38.2%)

55 (100%)
0

Function score (mean ± 6.33 ± 6.31
SD)

3.09 ± 2.21

5.49

0

Physiology
(mean ± SD)

5.91 ± 3.03

8.99

0

Emotion score (mean ± 5.82 ± 7.8
SD)

2.38 ± 2.26

4.27

0

Total score (mean ± 24.65 ± 19.47
SD)

11.13 ± 6.48

7.07

0

MPT (mean ± SD; s)

19.11 ± 3.56

18.38 ± 3.77

1.5

0.138

Jitter (mean ± SD (%))

2.03 ± 0.67

1.07 ± 0.34

9.03

0

F0-High (mean ± SD; 398.75 ± 55
Hz)

410.33 ± 49.76

-1.38

0.172

I-Low (mean ± SD; dB)

56.85 ± 4.54

54.93 ± 3.43

3.08

0.003

DSI (mean ± SD)

-0.08 ± 1.21

1.43 ± 0.87

-8.74

0

-3.32

0.001

-4

0

score 12.64 ± 7.76

Control group
Mucosal wave (n (%))
Normal mucosal wave
Weakened
wave

28 (68.3%)

mucosal 13 (31.7%)

39 (95.1%)
2 (4.9%)

Glottal closure (n (%))
Normal glottal closure
Incomplete
closure

25 (61%)

glottal 16 (39%)

41 (100%)
0

Function score (mean ± 5.71 ± 5.31
SD)

4.44 ± 3.78

3.37

0.002

Physiology
(mean ± SD)

7.9 ± 5.64

7.66

0

Emotion score (mean ± 4.49 ± 5.02
SD)

3.98 ± 4.76

2.87

0.007

Total score (mean ± 21.8 ± 15.94
SD)

16.76 ± 12.65

7.18

0

MPT (mean ± SD; s)

19.17 ± 3.67

0.21

0.838

score 11.78 ± 7.68

19.34 ± 3.37
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Jitter (mean ± SD (%))

1.98 ± 0.65

1.28 ± 0.5

6.29

0

F0-High (mean ± SD; 397.54 ± 59.18
Hz)

412.59 ± 45.97

-1.24

0.222

I-Low (mean ± SD; dB)

56.68 ± 4.74

55.34 ± 3.64

1.31

0.197

Normal glottal closure

DSI (mean ± SD)

0.03 ± 1.11

1.16 ± 1.29

-4.12

0

Incomplete
closure

No statistically significant differences were noted in the
mucosal wave, glottal closure, VHI, and DSI between the
experimental and control groups before the surgery. There was
also no statistically significant difference in the mucosal wave,
glottal closure, MPT, F0-High, I-Low, and DSI values between
the groups after the surgery. The VHI score and Jitter values
recorded after the surgery were superior in the experimental
group to those noted for the control group (Table 3).
Table 3. Inter-group evaluation of laryngostroboscopy, VHI, DSI in
two groups of patients before and after surgery.
Experimental
group

Control group z /t

p

Before surgery
Mucosal wave (n (%))

-0.11

Normal
wave

mucosal 37 (67.3%)

28 (68.3%)

Weakened
wave

mucosal 18 (32.7%)

13 (31.7%)

Glottal closure (n (%))
Normal glottal closure
Incomplete
closure

34 (61.8%)

25 (61%)

glottal 21 (38.2%)

16 (39%)

0.916

-0.08

0.933

5.71 ± 5.31

0.51

0.612

Physiology
(mean ± SD)

11.78 ± 7.68

0.54

0.592

Emotion score (mean 5.82 ± 7.8
± SD)

4.49 ± 5.02

0.95

0.342

Total score (mean ± 24.65 ± 19.47
SD)

21.8 ± 15.94

0.77

0.446

MPT (mean ± SD; s)

19.34 ± 3.37

-0.32

0.751

Jitter (mean ± SD 2.03 ± 0.67
(%))

1.98 ± 0.65

0.39

0.701

F0-High (mean ± SD; 398.75 ± 55
Hz)

397.54 ± 59.18 0.1

0.918

I-Low (mean ± SD; 56.85 ± 4.54
dB)

56.68 ± 4.74

0.18

0.858

DSI (mean ± SD)

0.03 ± 1.11

-0.46

0.649

-0.85

0.397

19.11 ± 3.56

-0.08 ± 1.21

Postoperative follow-up
Mucosal wave (n (%))
Normal
wave
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mucosal 54 (98.2%)

2 (4.9%)

39 (95.1%)

55 (100%)

glottal 0

0

1

41 (100%)
0

Function score (mean 3.09 ± 2.21
± SD)

4.44 ± 3.78

-2.19

0.031

Physiology
(mean ± SD)

7.9 ± 5.64

-2.23

0.028

Emotion score (mean 2.38 ± 2.26
± SD)

3.98 ± 4.76

-2.18

0.032

Total score (mean ± 11.13 ± 6.48
SD)

16.76 ± 12.65

-2.84

0.006

MPT (mean ± SD; s)

19.17 ± 3.67

-1.02

0.309

Jitter (mean ± SD 1.07 ± 0.34
(%))

1.28 ± 0.5

-2.48

0.015

F0-High (mean ± SD; 410.33 ± 49.76
Hz)

412.59 ± 45.97 -0.23

0.821

I-Low (mean ± SD; 54.93 ± 3.43
dB)

55.34 ± 3.64

-0.57

0.57

DSI (mean ± SD)

1.16 ± 1.29

1.24

0.22

score 5.91 ± 3.03

18.38 ± 3.77

1.43 ± 0.87

Discussion

Function score (mean 6.33 ± 6.31
± SD)
score 12.64 ± 7.76

mucosal 1 (1.8%)

Glottal closure (n (%))

Evaluation of the effectiveness of voice training

Parameters

Weakened
wave

A study showed that although 91% of otolaryngology
practitioners in the United States chose voice therapy as the
preferred treatment for vocal nodules, only 30% recommended
it as the preferred treatment for vocal cord polyps [15]. This
could be attributed to the insufficient recommendation of
clinical voice therapy, treatment habits, and fewer reported
studies on voice therapy in patients with vocal cord polyps.
From the perspective of patients, surgery can quickly treat
voice disorders, conforming to the demands of their own
interests. In fact, previous studies on the treatment of vocal
cord polyps mainly focused on surgery, particularly on the
superiority of phonomicrosurgery [16,17]. Our results showed
that both the postoperative laryngostroboscopy findings and
the self-perceived VHI of patients with vocal cord polyps after
surgery were improved in both the control and experimental
groups. Although there was no significant change in indicators
such as MPT and F0-High before and after surgery, the DSI
scores in both groups improved after surgery, which was
consistent with results shown in previous reports. Vocal cord
polyp is a benign vocal proliferative disease, which occurs in
the superficial layer of vocal fold lamina propria. Early lesions
are mainly attributed to haemorrhage, oedema, and fibrin
deposition while lesions that appear later are caused by their
further development into tissue fibrosis and amyloidosis, or
due to a hyaline change, leading to the stiffness of the cladding
layer of the vocal cords, increased quality, decreased softness,
and reduced resilience. This in turn results in a weakened
mucosal wave, reduced amplitude, serious lesions, and even
changes of symmetry and periodicity of the vocal cords
[18,19]. Excising diseased tissues by phonomicrosurgery
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quickly and effectively resolves problems such as a weakened
mucosal wave, which is caused by the increased quality and
stiffness of cladding layer of the vocal cord lesions or the
glottic insufficiency due to the existence of polyps, thereby
improving the postoperative voice quality of patients.

tension of the vocal cords, differences in biomechanical
properties, and innervations. Jitter reflects the stability of vocal
cord vibration to some extent. Our findings suggested that
postoperative voice training improves the stability of vocal
cord vibration.

Recent in-depth research on pathophysiology and pathogenesis
of vocal cord polyps has brought increased attention to the
effectiveness of voice therapy for vocal cord polyps [10,20].
Some scholars believe that the popularization of vocal training
and vocal hygiene education help patients learn health
knowledge of using voice to avoid voice misuse and abuse,
which reduces sustained vocal fold mucosa vibration trauma
caused by bad sound behaviors. This creates conditions viable
for the healing of the absorption of polyps. Constant practice
cultivates the correct method for soft vocal attack and
coordination of subglottic pressure and glottal closure. This
allows the exhaled airflow in vocalization to be completely
converted into vibrating waves in the vocal cord. This results
in the improvement of the objective pronunciation quality of
patients [21,22]. Some clinical experiences on voice therapy
can be summarized as follows: (1) arrangement of an
appropriate training program, (2) inclusion of a relatively fixed
teaching staff with rich experience, (3) concise training
materials, (4) adherence to follow-up; and (5) reasonable
expectations.

Compared to the rapid improvement of voice quality by
surgery, the duration of voice training, and patient compliance,
can also affect the therapeutic outcome. A limitation of our
study is the short follow-up time after surgery. A longer
follow-up period will allow us to observe the long-term
effectiveness of voice training on the outcome of
phonomicrosurgery.

Some scholars systematically studied changes of indicators
such as acoustics, aerodynamics, and self-perceived voice
handicap of patients with vocal cord polyps using voice
therapy after phonomicrosurgery [23]. We were interested in
assessing the effectiveness of voice therapy/voice training on
the voice of patients with vocal cord polyps after
phonomicrosurgery, from the perspective of clinical work,
using a method with mature clinical technique, easy
manipulation, rapid obtaining results, and reliable repeatability,
such as laryngostroboscopy, VHI, DSI, etc.
Our results indicated that postoperative voice training
improved the subjective self-perceived voice handicaps (F, P,
E, and T values of VHI) of patients with vocal polyps.
However, in addition to Jitter findings, the results of objective
voice handicap (MPT, F0-High, I-Low, DSI) and
laryngostroboscopy did not show improvement. The VHI is a
questionnaire composed of functional, emotional, and physical
categories. The functional category describes the patient’s
voice handicaps in daily life. The emotional category describes
the emotional reactions to the voice disorder. The physical
category describes subjective features of patient feelings as
throat discomfort, vocal changes, and etc. The results of the
assessment could be affected by the patient’s character, course
of disease, social status, education, requirements of career, or
social interaction with voice [24]. Voice training enabled
patients to recognize their voice problems more clearly,
improved vocal comfort led by the treatment, and established
reasonable treatment expectations, thus, improving patient’s
self-perceived voice handicap. Jitter is the small and rapid
change that occurs on the fundamental frequency of vibration
in the vocal voice process. It is affected by the quality and
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Conclusion
The combined application of laryngostroboscopy, VHI, and
DSI can be used to quickly, easily, and effectively assess the
voice handicap characteristics of patients with vocal cord
polyps before and after phonomicrosurgery, meeting the
requirements of clinical work. Voice training after
phonomicrosurgery could preferably improve vocal stability
and the subjective evaluation of self-perceived voice handicap
in functional, emotional, and physical categories. Since the
time involved in execution and the compliance of patients to
voice training could affect the therapeutic outcome, the longterm effectiveness of voice training on phonomicrosurgery
remains to be understood.
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