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Background. Radiotherapy (RT) is a successful mode of treatment for early glottic cancer. The aim of the study was 
to assess voice quality both before and 3 months after successful RT using multimodal methods while also identifying 
the factors affecting it.
Patients and methods. In 50 patients with T1 glottic carcinoma, the subjective (patients’ assessment of voice 
quality [VAS], Voice Handicap Index [VHI] questionnaire, phoniatricians’ assessment using the grade/roughness/
breathiness [GRB] scale), and objective assessments (fundamental laryngeal frequency [F0], jitter, shimmer, maximum 
phonation time [MPT]) of voice quality were performed before RT and 3 months post-RT. The data on gender, age, 
extent of the tumors, biopsy types, smoking, local findings, and RT were obtained from the medical documentation. 
Results. Three months after the treatment, VAS, VHI, G and R scores, F0, and MPT significantly improved in comparison 
with their assessment prior to treatment. Before the treatment, the involvement of the anterior commissure significantly 
deteriorated jitter (p = 0.044) and the involvement of both vocal folds deteriorated jitter (p = 0.003) and shimmer (p 
= 0.007). After the RT, F0 was significantly higher in the patients with repeated biopsy than in the others (p = 0.047). In 
patients with post-RT changes, the B score was significantly higher than in those without post-RT changes (p = 0.029). 
Conclusions. Voice quality already significantly improved three months after the treatment of glottic cancer. The 
main reason for the decreased voice quality prior to treatment is the tumor’s extent. Post-RT laryngeal changes and 
repeated biopsies caused more scarring on vocal folds adversely influencing voice quality after the treatment. 
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Introduction

Radiotherapy (RT) and transoral endoscopic la-
ser surgery are the treatments of choice for early 
(T1N0M0) glottic cancer.1,2 In these cases, the aim of 
treatment is not only the eradication of the tumor, 
but also the preservation of larynx functions.3 The 
choice between the two treatment options should be 
adjusted for each patient based on tumor character-
istics, her/his medical condition and personal pref-
erences, anticipated treatment morbidity with their 
quality of voice as the priority, and, additionally, 

based on costs.2 Even though the studies showed 
that RT is more expensive than endoscopic laser 
surgery, RT still remains the preferred treatment 
modality in many oncological centres due to the 
presumably better voice quality outcome.1,4,5 Voice 
quality has a significant effect on patients’ quality of 
life as it plays an important role in patients’ commu-
nication with others.6 It also defines the time when 
the patient is unable to work, especially for those 
who use their voice in their profession. Therefore, it 
is important for them to have good voice quality as 
soon as possible following treatment.
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There are several factors that influence the 
voice outcome following the RT treatment. Such 
factors include smoking during and after the 
treatment, talking during the treatment, the type 
and extent of the biopsy, extent and depth of the 
invasion of the tumor, the patient’s age, total ra-
diation dose and its distribution in the larynx, RT 
fractionation pattern, and also RT-related side 
effects such as oedema and fibrosis.7-10 Different 
subjective and objective methods are available for 
the assessment of voice quality.3 There are almost 
no studies focusing on the early improvement of 
one’s voice following RT treatment.

The aims of the present study were: (i) to assess 
changes in voice quality three months after RT 
using subjective and objective methods of evalu-
ation; (ii) to identify possible factors influencing 
voice quality before and after the treatment of 
early glottic cancer. 

Patients and methods
Patients

In the prospective study, 77 consecutive patients 
who had been diagnosed at a tertiary centre be-
tween 2006–2012 with glottic squamous cell 
carcinoma of stage T1N0M0 and who had been 
treated with curative-intent RT were included. 
All patients signed written informed consent af-
ter receiving detailed information concerning the 
study and related examinations. In three patients, 
a local recurrence was diagnosed during a follow-
up, and 24 patients did not attend all planned 
follow-up visits. Therefore, the study group con-
sisted of 50 patients. 

The characteristics of patients with informa-
tion about smoking, the extent of tumors in the 
glottis, vocal fold closure during phonation, 
biopsy types (punch mucosal biopsy or deep 
excisional biopsy, possible repeated biopsy), 
and RT details were collected from the medical 
documentation. After treatment, patients were 
followed-up at 3 months in order to assess the 
improvement of their voices and the handicaps 
related to their voice qualities. 

Radiotherapy

All the patients were treated with RT in the su-
pine position and immobilized with a thermo-
plastic mask. They were irradiated with a contin-
uous-course irradiation using one daily fraction 
of 2.25 Gy up to the median total dose of 63 Gy 

(range, 58.5–65.25 Gy; all but 5 patients received 63 
Gy), delivered over 36 to 49 days (median, 39 days; 
mean 39.82 ± 2.56 days). MV photon beams and 
computer-generated dosimetry were employed in 
all patients. The dose was prescribed to a planning 
target volume (PTV) encompassing involved vo-
cal cord(s) with ipsilateral arytenoid(s), the para-
pharyngeal space, and anterior commissure, up to 
the most cranial extent of the arytenoid cartilage 
superiorly and 1–1.5 cm below the level of the true 
vocal cord inferiorly.

Evaluation of laryngeal function and 
voice quality

The examinations were performed before RT and 3 
months after irradiation.

Subjective phoniatrician’s and patient’s 
evaluation

A perceptive analysis of voice quality during spon-
taneous speech by a phoniatrician was performed 
using the GRB score (grade [G], roughness [R], 
breathiness [B]; graded from 0 to 3 [0 = not present, 
3 = severe disorder]) before and three months after 
the treatment. 

Patients assessed their voice quality according 
to the visual analogue scale (VAS, from 0 to 100%). 
They also completed the Voice Handicap Index 
questionnaire (VHI), which is showing the influ-
ence of the patients’ voice on their lives.12 A score 
above 18 was considered characteristic for a clinical 
voice disorder.13

In order to evaluate the post-radiation mucosal 
changes (tissue defects, atrophy, fibrosis, oedema; 
graded from 0 to 3 [0 = no changes, 3 = severe 
changes]), closure between the vocal folds (com-
plete, incomplete), and the mobility of the vocal 
folds (normal, impaired, immobile), a stroboscopy 
was performed 3 months after the RT. 

Objective acoustic analysis of voice samples and 
aerodynamic measurement

An acoustic analysis of three samples of the vowel 
/a/ at the most comfortable pitch and volume, em-
ploying the Multi-Dimensional Voice Program 
(KayPentax®, USA), along with a measurement of 
the maximum phonation time (MPT) were per-
formed. The mean values of fundamental frequen-
cy (F0, Hz), pitch perturbation (jitter, %) and ampli-
tude perturbation (shimmer, %) of all three voice 
samples were used for further analysis.
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Ethical consideration and statistics 

The study protocol was in accordance with the 
Helsinki declaration and requirements accepted by 
the Republic of Slovenia National Medical Ethics 
Committee. Analyses were performed using the 
SPSS version 22.0 (SPSS Inc., Chicago, IL, USA). All 
statistical tests were two-sided and a p-value of ≤ 
0.05 was considered statistically significant.

The results of the perceptive assessment of the 
patient’s and phoniatrician’s voice, VHI question-
naires, the acoustic analysis of voice samples, and 
MPT were compared both pretreatment and three 
months after RT. The normality testing of numeri-
cal data was done by the Shapiro-Wilk test, which 
was presented as mean ± standard deviation (SD) 
or as median (range). For a paired comparison of 
numerical data, the paired t-test or non-parametric 
Wilcoxon signed-rank test was employed. The re-
lationship between certain factors (smoking before 
and after treatment, the extent of the tumor, in-
volvement of anterior commissure, type of biopsy, 
repeated biopsy, post-radiation mucosal changes), 
the results of subjective evaluations (VAS, VHI, GRB 
scores), the objective measurements (F0, jitter, shim-
mer, MPT), t-test or non-parametric Mann Whitney 
test, and the bivariate correlation (age) were used.

Results

In the study group, there were 44 men and 6 wom-
en, between 32 and 85 years of age. Ten patients 
were under 56 years of age and 21 subjects were 
under 61 years of age. The tumor was limited to 
one vocal fold in 40 patients. In seven cases, the an-
terior commissure was involved. Data on type of 
biopsy was not available for one patient. The pa-
tients’ characteristics are shown in Table 1.

Before treatment, 30 patients were active smok-
ers and 12 patients stopped smoking more than 6 
months before the beginning of treatment. Four pa-
tients did not answer the question about smoking. 
See Table 1. After the treatment, only two patients 
were still smoking. 

The patients’ assessment of voice quality on VAS 
and the results of VHI were significantly improved 
three months after the treatment in comparison to 
their evaluations before treatment. Before treat-
ment, all the patients had hoarse voices according 
to the phoniatrician’s assessment (G > 0). After the 
treatment, the phoniatrician’s assessment of G and 
R also showed significantly better voice quality 
(Table 2).

TABLE 1. Characteristics of the patients in the study (N = 50)

Patients’ characteristic Data

Gender (male/female) 44 / 6

Age (mean/standard deviation, years) 62.48 ± 9.99 

Smoking (before treatment)
- non-smokers
- smokers
- ex-smokers*
- unknown

4
30
12
4

Type of biopsy
- punch biopsy
- excisional biopsy 
- unknown

13
36
1

Repeated biopsy 15

Glottic cancer
- one vocal fold
- both vocal folds
- anterior commissure involvement

40 
10
7

*  patients stopped smoking more than 6 months before the beginning of 
the treatment

TABLE 2. Comparison of the subjective and objective assessments of vocal fold 
function and voice quality (N = 50)

Parameter
Before 

treatment
(mean / SD)

3 months after 
treatment

(mean / SD)
P

Subjective phoniatrician’s 
assessment
- Grade Score
- Roughness Score
- Breathiness Score

1.95 / 0.71
1.91 / 0.71
0.05 / 0.21

1.35 / 0.61
1.28 / 0.63
0.02 / 0.15

0.000
0.000
0.324

Patient’s assessment of voice 
quality (VAS; %) 44.67 / 22.37 70.54 / 24.22 0.000
Voice Handicap Index
Score 49.67 / 30.09 22.46 / 23.56 0.000

Post-radiation mucosa changes
- not present
- slight
- moderate
- not assessed

/
/
/
/

2
40
2
6

Vocal folds’ mobility
- normal
- impaired 50 47

3
Vocal fold closure
- complete
- incomplete
- not assessed

1
49

8
35
7 0.036

F0 (Hz) 187.63 / 80.38 152.71 / 32.46 0.000

Jitter (%) 3.79 / 3.47 2.84 / 4.11 0.148

Shimmer (%) 7.98 / 5.79 6.64 / 5.17 0.178

Maximum phonation time (s) 14.06 /7.21 18.98 / 7.8 0.032

F0 = fundamental laryngeal frequency
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At three months post-RT, the post-radiation mu-
cosal changes of the vocal folds were seen in all 
but two patients (Figures 1 and 2). In six patients, 
an assessment of the vocal cords was not possible 
because of an adduction of the ventricular folds 
above them during phonation. The vocal fold clo-
sure became complete in 7 patients after the suc-
cessful treatment of glottic cancer (Table 2).

After RT, the mean F0 decreased to a more ac-
ceptable value regarding gender.  The perturbation 
of pitch (jitter) and amplitude (shimmer) became 
lower, exhibiting less voice instability although, 
compared to pre-RT values, the difference was 
not significant. Also, MPT was found significantly 
longer after RT (Table 2).

Three months after the RT treatment, the pa-
tients expressed considerable satisfaction with 
their voices as 26 (52%) of them had VHI score less 
than 19 compared to only 9 (18%) patients with a 
VHI score less than 19 during their pre-RT evalu-
ation (p = 0.000). Twenty (40%) patients assessed 
their voice quality as 80% of a normal voice or 
higher. On the other hand, the phoniatrician per-
ceptively detected normal voice (G score = 0) in 
only 2 patients after therapy. In all patients, at least 
one of the objective parameters of voice quality (F0, 
jitter, shimmer, MPT) remained abnormal.

The relationship between different factors with 
a possible impact on voice quality (i.e. gender, 
age, extent of the tumor, involvement of the ante-

rior commissure, type of biopsy, repeated biopsy, 
smoking before and after therapy, post-radiation 
mucosal changes, impaired vocal fold mobility, in-
complete vocal fold closure during vibration) and 
their influence on the subjective and objective pa-
rameters of voice assessment (VAS, VHI, GRB, F0, 
jitter, shimmer, MPT) before and 3 months after RT 
were also analysed. Only the statistically signifi-
cant differences are presented in Table 3. Age, type 
of biopsy, and smoking did not significantly affect 
the results of subjective and objective voice quality 
evaluations and laryngeal function.

Discussion

In the present study, a significant improvement 
of voice quality was found three months after RT 
treatment for early glottic cancer when assessed 
subjectively by the patients (VAS, VHI) and by the 
phoniatrician (GR scale) or by objective methods 
(F0, MPT). After successful treatment, more than 
one half of the patients (52%) demonstrated VHI 
scores typical for subjects without voice problems. 
However, normal voice quality was only detected 
in two patients by the phoniatrician’s perceptive 
evaluation. 

We evaluated voice quality through several sub-
jective and objective methods. The patient’s subjec-
tive assessments showed more favourable results 
than the phoniatrician’s and the objective ones. 
Still, the subjective evaluations showed more im-
provement than the objective ones. One of the rea-
sons could be the methodology of acoustic analysis 
and aerodynamic measurements. In both cases, on-
ly voice samples are assessed, whereas the patient 
(or phoniatrician) evaluates voices during every-
day communication and not just voice samples.

We noticed a significant improvement in the G 
and R components of the GRB evaluation record-
ed by the phoniatrician at three months post-RT. 
Marciscano et al. report a significant improvement 
in voice quality according to the GRBAS com-
posite score across the first four months after the 
RT.14 In our study, we only decided to carry out 
the assessment of the individual parameters, G, 
R, and B. Therefore, a complete comparison with 
Marciscano’s study cannot be done as we can 
merely compare trends in the change of individual 
parameters. In any case, both studies are among a 
few, rare studies that assessed voice quality in the 
first months following the end of the RT. 

According to the patients’ assessment, voice 
quality on VAS significantly improved after RT. 

TABLE 3. Significant associations between some factors possibly affecting voice 
quality and the results of the subjective and objective vocal quality assessment in 
patients with early glottis cancer (N = 50)

Parameter Present
(mean/ SD)

Not present
(mean/ SD) P

Gender 
- F0 before therapy (male)
- F0 before therapy (female)
                               
- F0 after therapy (male)
- F0 before therapy (female)

178.91 / 45.05

145.00 / 25.20

240.17 / 44.48

209.80 / 21.41

0.001

0.000
Anterior commissure involvement
- jitter before therapy 5.39 / 2.74 3.52 / 3.53 0.044
Tumor on both vocal folds
- jitter before therapy
- shimmer before therapy

7.21 / 5.91
12.74 / 6.91

3.02 / 2.07
7.18 / 5.02

0.003
0.007

Repeated biopsy
- F0 after therapy 200.60 / 46.77 182.94 / 51.96 0.047
Post-radiation changes
-  maximum phonation time after 

therapy
- Breathiness score after therapy

18.39 / 7.55

0.02 / 0.15

30.00 / 2.82

0

0.039

0.029
Complete vocal fold closure during 
phonation
-  maximum phonation time after 

therapy 
25.29 / 8.71 17.84 / 7.04 0.000

F0 = fundamental laryngeal frequency
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40% of the patients assessed their voice as 80% of 
a normal voice or even better. The VHI after RT 
gave even better results. More than one half of 
the patients (52%) gained a score of 18 or lower. 
In a review paper of several translations of VHI 
in different languages, the values between 12 and 
20 were found as cut-off points to distinguish be-
tween subjects with normal and pathological voic-
es. The authors suggest that any VHI value above 
18 is a sign of strong possibility of a clinical voice 
problem.13 According to this recommendation, we 
decided to choose 19 points as the cut-off point. 
Despite favourable patient assessments of voice 
quality and its impact on their handicaps in their 
every-day lives, the phoniatrician detected normal 
voices in only two patients. We believe that the pa-
tients valuated their post-RT voice in comparison 
with the voice before the treatment. The phoniatri-
cian tried to assess voices according to the accepted 
standards without being influenced by or without 
experience of the handicap of the pre-treatment 
voice quality.

The cause for a hoarse voice in a patient with 
early vocal fold cancer is the tumor itself. It disables 
normal vocal fold vibration and the completeness 
of the closure between them. Tumors affecting both 
vocal folds and/or anterior commissure cause more 
irregular vibrations of vocal folds and a less sta-
ble voice (increased jitter and shimmer). Following 
successful RT, the tumor disappears, which results 
in the scarring of the affected vocal fold; the mu-
cosa of one or both vocal folds can become atrophic 
and/or swollen. The fibrotic transformation of tis-
sues only at the site of the previous tumor or larger 
part/whole larynx with post radiation changes to 
the laryngeal joints, muscles, and nerves can result 
in the progressive impairment of mobility of one 
or both vocal folds.15-17 In our study, videoendos-
troboscopies showed post-radiation changes in all 
but two patients and impaired mobility of the af-
fected vocal fold(s) was detected in three patients. 
Other authors also reported changes in the vocal 
folds’ mobility after RT for early glottis cancer. 
Marciscano et al. found a significant improvement 
in the mobility and vibration of the ipsilateral vocal 
cord and a significant worsening in the contralat-
eral vocal cord more than four months after treat-
ment.14 

The vocal fold closure was only complete in one 
patient before therapy. After the tumor disappeared 
from the glottis, the closure became complete in 
eight patients. The mass of the vocal folds with tu-
mors decreased and more regular and symmetrical 
vibration was possible. The phonation demanded 

less effort and less activation of the laryngeal mus-
cles. These are likely the main reasons for the im-
provements in voice quality. The F0 decreased as 
less tension in the laryngeal muscles was necessary 
for phonation. The perturbation of pitch and am-
plitude decreased but these changes did not reach 
a level of statistical significance. Nevertheless, the 
post-radiation changes (fibrosis, atrophy, oedema, 
decreased mobility) appeared in a high proportion 
of irradiated patients and negatively influenced 
voice quality. In those patients with repeated bi-
opsies during the diagnostic phase, the scarring 
was even more prominent thus causing thinner 
vocal folds which vibrated with higher frequency 
(higher F0). We expect that in these patients’ post-
radiation, changes will continue to influence voice 
quality over the following months. 

In our group, before the treatment, the mean 
F0 for men was higher (almost 179 Hz) than the 
reported normal range (80-160 Hz).18 After treat-
ment, it decreased to a normal range (145 Hz). In 
women, F0 also decreased after RT but the values 
remained within normal range (i.e. before and af-
ter the treatment). On the contrary, Lombardo et 
al. reported no statistically significant difference in 
F0 after RT treatment.19 The impact of gender on F0 
before and after therapy is expected and related to 
anatomical characteristics of the larynx.6

In the present study, jitter and shimmer showed 
a pathological instability of the voice in all the pa-
tients with glottic cancer. After the successful treat-
ment, the values remained above normal thresh-
olds.18 Van Gogh et al. objectively assessed the 
voice outcome in 39 patients with T1 glottic cancer 
before and up to 2 years after RT. Three months af-
ter the treatment, F0 significantly decreased in com-
parison with the values before treatment and jitter 
and shimmer showed a significant improvement.20 
The exact values of jitter and shimmer cannot be 
compared between the two groups of patients be-
cause a different instrument was used in our study.  

In addition, a significant improvement in the 
MPT was found in our patients 3 months after 
RT completion. The reason was the better closure 
of vocal folds during phonation. The breathy vo-
cal characteristic was also a consequence of the 
incomplete vocal fold closure. Wagmare et al. also 
reported an improvement of MPT in patients after 
RT for early glottic cancer, but the observation time 
was significantly longer in his group than in ours.8

One fifth of our patients was under the age of 56 
and one third under the age of 61. This means that 
they were still professionally active at the time of 
diagnosis and treatment. From the patients’ point 
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of view, it is very important that their voices im-
prove soon after the completion the treatment, al-
lowing them to return to work. Three months after 
RT, more than one half of the patients had VHI 
below 19, a cut-point discriminating between nor-
mal and pathological voices. In any case, this also 
means that more than one half of the patients did 
not feel handicapped by their voice quality. Due to 
an abnormal voice quality in a great majority of the 
patients (according to G score) found by the pho-
niatrician, we suppose that performing professions 
with higher voice load or demands for higher voice 
quality would not be possible. We did not have in-
formation about the professional voice use of our 
patients.

The shortcomings of our study are that all of the 
instrumental examinations could not be performed 
on all included patients, although this was due to 
objective reasons. Still, we succeeded in completing 
them in at least 85% of the patients. Furthermore, 
we did not consider the role of RT-related param-
eters to the voice quality as the total dose and frac-
tionation pattern were rather comparable in all pa-
tients. Having information concerning the profes-
sion of the patients would also have given us better 
insight in their capabilities to return to work three 
months after the RT treatment.

Conclusions 

Voice disorders have an adverse impact on the 
social and professional life of patients and reduce 
the quality of their lives. The main reasons for a 
decrease in voice quality before treatment is the tu-
mor mass affecting vocal fold mobility and causing 
the irregular free edge of the affected vocal fold. 
After successful treatment, the tumor disappears 
and enables more normal, regular and symmetrical 
vibrations, with more complete vocal fold closure 
as well as requiring less effort during phoniation. 
These are the reasons for significant improvements 
in voice quality three months after the completion 
of RT. Unfortunately, post-radiation scarring also 
affects the vocal folds’ vibration and negatively in-
fluences the voice quality. However, more than one 
half of the patients in our study expressed mini-
mal voice handicap three months after RT for early 
glottic cancer, which is particularly important for 
those patients who are still professionally active. 
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