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Objectives: The present study aimed to determine the voice outcomes before and after the 
administration of voice therapy in patients who suffered an injury to the recurrent laryngeal 
nerve after undergoing thyroidectomy.

Methods: The sample consisted of 26 patients (2 males and 24 females) aged between 18 
and 80 years (m=55±12) who experienced injury to the recurrent laryngeal nerve following 
thyroidectomy that was used to treat a thyroid gland disease. Subjective and objective 
parameters of the voice of the patients as well as its aerodynamic aspects were assessed upon 
the completion of the surgical procedure and before and after the implementation of voice 
therapy. Objective voice analysis was performed with the help of computer software viz. 
“Speech Training for Windows, Version 4.00 - Dr. Speech “and” EZ Voice Plus (TM) v. 2.0;” 
while GRBAS scale was used for subjective voice assessment. The subjects were followed for 
two years. The data so collected during this period was analyzed by implementing descriptive 
statistical parameters, Chi-square test, t-test and Wilcoxon test.

Results: Patients with an injury to the recurrent laryngeal nerve were found to have voice 
alterations in all vocal parameters of subjective voice assessment conducted using the GRBAS 
Scale. These alterations ranged from moderate to severe degree, which provided a high degree 
of roughness in the voice. Objective voice assessment parameter analysis showed a decrease in 
voice pitch, increase in shimmer, decrease in noise-to-harmonics ratio, decrease in maximum 
phonation time and a decrease in voiceless percentage. Overall, it was observed that there 
were significant differences in all parameters of subjective and objective voice assessment, 
before and after vocal therapy, except for variables regarding the noise-to-harmonics ratio and 
aerodynamic variable of the S/Z ratio, although, the results on these vocal parameters were 
better after voice therapy.

Discussion: Laryngeal symptoms are known to often accompany thyroidectomy procedures. In 
the present study, it was observed that administration of vocal therapy and teamwork between 
the doctors and speech therapist significantly affected the patient’s recovery and improvement 
in the quality of voice after thyroidectomy.
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1. Introduction

fter diabetes, thyroid gland disorders are 
the second most common cause of occur-
rence of endocrine diseases [1]. Among 
these diseases, the most common ones that 
often require surgical intervention includes 

struma simplex, multinodular goiter, toxic adenoma, 
thyroid cancer and Graves’ disease [2]. Thyroidectomy 
is suggested in clinical indications of malignancy, be-
nign nodules or cysts, suspicious biopsy results, dyspha-
gia due to cervical esophageal compression or dyspnea 
caused due to airway compression. Other patho-physi-
ological conditions that may necessitate thyroidectomy 
are endemic goiter, Hashimoto’s disease and other types 
of thyroiditis [3]. 

It has been observed that the adept methods of thyroid 
and parathyroid surgery have extremely less morbidity 
and mortality rates. In addition, they are so designed that 
the chances of successful achievement of therapeutic goal 
is significantly increased [4]. Over the years it has already 
been established that surgical treatment of diseases re-
lated to the thyroid gland are fairly safe. They are well 
researched and standardized on the basis of the results ob-
tained from multidisciplinary research studies [5]. 

However, one of the most significant complications 
of administration of thyroid gland surgery is injury to 
the recurrent laryngeal nerve [6, 7]. Damage to the la-
ryngeal nerves or muscle lesions located on the ante-
rior side of the neck along with impaired laryngeal and 
tracheal motion, can lead to vocal dysfunction. Fur-
thermore, injury to the external branch of the superior 
laryngeal nerve is comparatively difficult to recognize, 
especially because it is less noticeable. However, if left 
undetected and thus untreated, it can lead to significant 
problems [7, 8]. This can be understood by considering 
the fact that the external branch of the superior laryn-
geal nerve is the only motor supplier to the cricothy-
roid muscle and also plays an important role during 
high-frequency phonation. 

Iatrogenic injuries to this nerve, which are the most 
common forms of injuries that occur during thyroid 
gland surgery, are also known to be associated with 
varying levels of phonation. Compromising phona-
tion abilities can affect the patient’s life in an adverse 
manner, especially if the patient’s career depends on 
having a full vocal range [9]. When it comes to cases 
of unilateral paralysis of the superior laryngeal nerve, 
coughing, irritation in the larynx and/or pharynx, vo-
cal fatigue, decrease in range frequency and range in-

tensity are some of the possibilities that may occur. In 
cases of injury to the internal branch of the superior 
laryngeal nerve, the patient may complain of feeling as 
if something is stuck in the throat [10]. Thyroidectomy 
is usually followed by various vocal and laryngeal 
symptoms [11]. It is also said that dysphonia is inevi-
table after the surgery [12]. Therefore, it is important 
to consider voice preservation as the subsequent step 
of thyroid gland surgery, especially in patients whose 
profession depends on their voice [11].

After an overview of 27 articles and 25.000 cases of 
patients who underwent thyroidectomy procedure, it was 
found that the average rate of incidence of temporary re-
current laryngeal nerve palsy is around 9.8% and that of 
complete paralysis is 2.3%. However, the authors stated 
that the range may vary from 2.3% to as much as 26%, 
depending upon the screening method used to test the 
larynx [13]. It has also been observed that 1 out of 10 
patients experience a temporary laryngeal nerve injury 
after thyroidectomy surgery, which is then followed by 
voice problems that persist for a considerable amount of 
time in at least one out of 25 such patients. 

Conventionally, reduced quality of life after thyroid gland 
surgery involves many factors and may include needing 
medications, thyroid suppression, radioactive screening/
treatment; occurrence of temporary and permanent hypo-
parathyroidism, temporary or permanent dysphonia and 
dysphagia [3]. Voice disorders caused by thyroidectomy 
can occur in patients with thyroid pathology, even before 
they have had surgical intervention. The study shows that 
these voice-related symptoms in this particular population 
have a frequency ranging from 9% to 38%. Symptoms 
include roughness, shortness of breath, vocal fatigue and 
lack of confidence in communication [14].

Hence, it is recommended that the doctors should in-
form the patients about the temporary outcomes of thy-
roidectomy, such as voice disorders and difficulties in 
swallowing [15]. In patients who are already experiencing 
post thyroidectomy voice disorders they should be made 
aware of the fact that hoarseness, vocal fatigue, breath-
ing problems while speaking or difficulties in adjusting 
volume or voice pitch are the possible side effects of the 
surgery. In addition, it should also be considered that there 
may be other possible side effects of the surgery, such as 
loud breathing, shortness of breath, fatigue during speech, 
permanent cough or problems in swallowing. 

These are all indicators of vocal cord weakness. These 
side effects can, but not necessarily improve on their 
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own. Such voice problems can be stabilized in a matter 
of few months. 

However, the laryngeal nerves may take over a year 
to fully heal, but in some cases it may happen that they 
never fully recover. Even in such circumstances, there 
still exist options for improving the voice parameters 
[3]. One of the options is the administration of voice 
disorder therapy. Voice disorder therapy can be defined 
as an effort to restore the voice to the level of adequacy 
that can be realistically expected and satisfy the patient’s 
emotional and social needs as well as other needs related 
to the patient’s profession [16]. The aim of this study is 
to determine the voice outcomes before and after voice 
therapy in patients who suffered an injury to the recur-
rent laryngeal nerve after thyroidectomy.

2. Methods

Participants

The sample consisted of 26 patients (2 males and 
24 females), who were recommended surgery due to 
a thyroid gland disease, following which they expe-
rienced recurrent laryngeal nerve injury. The average 
chronological age of patients was 55 years; however, 
18 of the selected patients were over 60 years of age. 
The study was conducted at the Ear, Nose and Throat 
Clinic of the University Clinical Center in Tuzla. Af-
ter the medical diagnosis of thyroid gland disease was 
made by a specialist (in nuclear medicine), the patients 
were subjected to further medical examination by the 
ENT specialist so as to exclude the existence of other 
causes of voice changes. Only after getting unilateral 
paresis confirmation from the ENT specialist, the pa-
tients were subjected to speech assessment that was 
followed by voice therapy so that voice quality of the 
patients is improved. Patient voice assessment was 
conducted after the surgical procedure (initially) and 
after the implementation of voice therapy (finally). 

Measures

The parameters of objective and subjective voice as-
sessment were evaluated, as well as aerodynamic mea-
surements (maximum phonation time of vowel sound 
“a” (MPT) and S/Z ratio). To record the patient’s voice, 
the AKG 190HS microphone was placed at a distance 
of 30 cm. Objective voice analysis was performed using 
computer software “Speech Training for Windows, Ver-
sion 4.00 - Dr. Speech “and” EZ Voice Plus (TM) v.2.0.” 
The vocal parameters that were assessed in the study 
were the average fundamental frequency (F0), mini-

mum fundamental voice frequency (MINF0), maximum 
fundamental voice frequency (MAXF0), frequency per-
turbations (jitter), amplitude perturbations (shimmer), 
noise-to-harmonics ratio (NHR), percentage of voiced 
speech (% VOICED), percentage of voiceless speech (% 
VOICELESS). 

Subjective voice assessment was conducted using the 
GRBAS scale [17]. The scale is intended for a percep-
tual assessment of voice quality. It also helps in estimat-
ing the total Grade of abnormality, Roughness, Breathi-
ness, Asthenia and Strain. Each of these parameters is 
measured by a four-step scale: 0-normal voice, 1-mild 
deviation, 2-moderate deviation and 3-severe devia-
tion. Voice therapy was conducted two times a week 
for two months. Out of the total number of patients, 17 
patients attended voice therapy for voice improvement 
and were rehabilitated. In the rest 9 patients, a subjec-
tive and objective analysis of the voice was performed, 
but they did not attend voice therapy for unknown rea-
sons. The study lasted two years, from 2014 to 2016. 
The present study was approved by the Ethics Com-
mittee of University Clinical Center Tuzla. The partici-
pants signed a consent form and were made aware to 
their right to withdraw at any stage of the study.

Data analysis

Statistical analysis was performed using the software 
package SPSS 24.0 (Armonk, NY:IBM Corp.). Descrip-
tive statistics parameters, Chi-square test, t-test and Wil-
coxon test were also conducted for data analysis. Statisti-
cal significance level of 95% (P<0.05) was considered to 
be the significance limit for all statistical tests.

3. Results

Although the acoustic parameters of male and female 
voices differ, this study included only two male pa-
tients, which was not considered to affect the results of 
objective voice assessment. Chi-square test showed a 
statistically significant difference in the proportion of 
women and men (χ2=18.615; df=1; P=0.000). Table 1 
shows a comparison of the objective vocal parameters 
of patients who underwent surgery after being diag-
nosed with thyroid disease, before and after the voice 
therapy. It is evident that these patients experienced a 
decrease in voice pitch, increase in shimmer and de-
crease in NHR ratio and MPT as well as a lower per-
centage of voiced speech. 

It was also evident that significant differences were 
found in all objective vocal parameters i.e. the values   
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of all observed vocal parameters were within normal 
limits only after the patients underwent voice therapy. 
Significant differences were not found in variables 
that described the Noise-to-Harmonics Ratio (NHR) 
and aerodynamic variables in the S/Z voice ratio, al-
though the results of the final measurements show a 

significant improvement in these vocal parameters af-
ter voice therapy.

In the second part of the analysis, the subjective pa-
rameters of the voice of patients before and after voice 
therapy were compared, and as shown in Table 2, all 
vocal parameters in this assessment showed significant 

Table 1. Testing the significance of differences in objective vocal parameters in patients who were surgically treated, before 
and after voice therapy

Variable Mean Standard Deviation P

F01 146.91 39.83
0.001*

F02 181.71 32.97

MINF01 139.41 40.61
0.001*

MINF02 176.17 32.36

MAXF01 155.57 38.11
0.002*

MAXF02 189.61 33.03

F0MED1 146.72 39.90
0.001*

F0MED2 181.46 33.39

SHIMMER1  0.83  0.71
0.011*

SHIMMER2  0.31  0.37

JITTER1  0.45  0.33
0.006*

JITTER2  0.19  0.12

NHR1  8.03  5.88
0.112

NHR2  10.84  4.71

% VOICED1  76.16 33.65
0.010*

% VOICED2 100.00 -

% VOICELESS1  11.58 19.26
0.025*

% VOICELESS 2 - -

MPT1  12.24  5.30
<0.001*

MPT2  17.41  5.77

S/Z1  1.23  0.52
0.099

S/Z2  0.95  0.30
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differences. After voice therapy, there were no reported 
cases of alterations in patients in any of the subjective 
variables of the assessment.

4. Discussion

The number of patients with indications for thyroid 
gland surgery, is increasing, and, although it is per-
formed on both sexes, the number of women patients 
is considerably high [3, 18], which was also confirmed 
by the results of this study. A surgical procedure can 
improve or worsen the voice quality regardless of the 
state of the voice prior to surgery [19]. The results of 
this study show that the subjective parameters of voice 
assessment viz. Roughness, breathiness, asthenia and 
strain in the voice of patients, post-surgery but prior 
to voice therapy, were moderate to severe. Early vo-
cal symptoms after thyroidectomy are frequent and are 
present in 14% of all patients [11]. 

Some of the most common symptoms in patients af-
ter thyroidectomy are roughness, shortness of breath, 
vocal fatigue and lack of confidence in communication 
[14]. The voice quality of 350 patients who underwent 
total thyroidectomy was evaluated by speech therapists, 
showed that all patients had changes in vocal cord strain 
and muscular activity of the larynx thereby resulting in 
a low voice, while patients who did not suffer from such 
nerve damage showed no changes in voice quality [12]. 
Furthermore, the results of this study showed a decrease 
in pitch, increase in shimmer, a decrease in HNR ratio, 

MPT and voice percentage were the parameters that 
were most affected after thyroidectomy. 

In one of the previous studies that was based on post-
surgery testing of the acoustic parameters in females and 
males, it was found that there are significant changes in 
some of the acoustic parameters, but only in female pa-
tients. The highest fundamental frequency, the standard 
deviation of the average fundamental frequency, the av-
erage phonetic range of the semitones in fundamental 
frequency, the absolute jitter, the relative average pertur-
bation, the perturbation height coefficient, the shimmer 
measured in decibels, the percentage of shimmer, the 
amplitude perturbation coefficient, the noise-signal ratio 
and the degree of subharmonic values are reported to be 
lower in female patients after thyroidectomy [20]. 

The acoustic or aerodynamic profile of the recurrent laryn-
geal nerve or the external branch of the superior laryngeal 
nerve cannot be defined separately. However, the nerve inju-
ries cause a different degree of glottal incompetence and at 
the very least unilateral limitation of the mass or regularity 
in the strain. It has also been known that unilaterality results 
in an unequal mass of vocal cords, length and strain, which 
then implicates higher perturbation values   in pitch, intensity 
and HNR ratio [11]. Furthermore, changes in the voice may 
be affected by surgical trauma and laryngotracheal fixation 
of the anterior laryngeal musculature. 

On the other hand, Cricothyroid muscles are known to 
play a primary role in controlling the fundamental fre-

Table 2. Testing the significance of differences in objective vocal parameters in patients who were surgically treated, before 
and after voice therapy

Variable
Percentiles

25th Median 75th P

Grade 1 1 2 3
<0.001

Grade 2 0 0 0

Roughness 1 1 3 3
<0.001

Roughness 2 0 0 0

Breathiness 1 0 2 3
0.001

Breathiness 2 0 0 0

Asthenia 1 1 2 3
0.001

Asthenia 2 0 0 0

Strain 1 2 3 3
0.001

Strain 2 0 0 1
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quency of the voice. Injuries to the superior laryngeal 
nerve can lead to a significant decrease in the vocal range, 
asymmetry of the vibratory phase of the vocal cords and 
acoustic aperiodicity, which generally leads to reduced 
voice quality [21]. However, many patients complain 
about voice disorders after thyroid gland surgery despite 
showing normal laryngeal neuromuscular functioning. 
Some reports state that the external laryngeal nerve par-
ticipates directly or indirectly in vocal functions, hence, 
demonstrating activity while decreasing and increasing 
voice levels [8, 21].

Dysfunction of the recurrent laryngeal nerve often 
causes vocal disruptions, which presents a disability that 
can diminish the quality of life. This can be understood 
from the fact that such vocal constraints affect commu-
nication skills and cause social and psychological prob-
lems along with other problems that may be related to 
the patient’s profession [22]. Laryngeal videostrobosco-
py and spectrographic analysis are very useful tools used 
in assessing the existence of vocal problems in patients 
after thyroidectomy. The results obtained from such 
analytical methods can help in addressing early speech 
rehabilitation, especially in patients who use their voice 
professionally [8]. 

Although the literature mentions that many cases of 
injury to recurrent nerve with paresis or paralysis may 
result in spontaneous recovery over time, this may take 
months. Early identification of the problem offers sig-
nificant advantages for the patient in terms of returning 
to normal activities and thus improvement of the quality 
of life. There is evidence that early treatment of voice 
paralysis improves long-term prognosis for functional 
recovery, with minimal morbidity of voice. Furthermore, 
it has been proposed by experts that when it comes to 
vocal cord mobility problems, then the treatment should 
be directed towards vocal therapy [3]. It can play valu-
able roles in the management of paresis and paralysis of 
vocal cords [23]. 

In a study involving 74 patients with unilateral vocal 
cord paralysis, it is reported that 68.9% of patients had 
improved mobility of vocal cords after early aggres-
sive vocal therapy. In addition, significant decrease in 
the fundamental frequency has been shown along with 
improvement in the MPT and the subjective assessment 
parameters [24]. Studies have also shown that vocal 
therapy can be useful regardless of when the voice pa-
resis occurred [3]. Even in cases when surgical therapy 
had to be carried out, pre-surgical vocal therapy helps 
the patients by providing them with the training for op-

timal post-surgical phonation and preparing the patient 
psychologically for upcoming surgery. 

The importance of vocal therapy is often overlooked 
in medicine. With good guidelines, vocal therapy can 
help in achieving astonishingly rapid improvement in 
voice quality. Typical vocal therapies involve a speech 
therapist, who provides the patient with the necessary 
information about phonation, specific abnormalities 
and vocal hygiene. If the pre-surgical vocal therapy 
was optimal and if the surgical procedure was suc-
cessful, then, the post-surgical vocal therapy lasts very 
briefly. In the majority of patients who had a good 
pre-surgical therapy, the aim is achieved within one to 
three months after the surgical procedure [23], as was 
the case with this study.

5. Conclusion

Although today, thyroidectomy is considered a fairly 
safe method, there always exists the possibility of oc-
currence of complications during the surgical proce-
dure, which includes injury to the recurrent laryngeal 
nerve. Patients suffering from this injury often show 
subjective and objective voice disorders. In such cases, 
it is recommended to include the subjective and objec-
tive voice assessment of the patients before and after 
thyroidectomy in the diagnostic protocol. This can 
help in monitoring the voice disorders and provide the 
patients with timely vocal therapy. Good co-operation 
between doctors, patients and speech therapists can 
support the patients with unilateral paresis or paralysis 
of vocal cords to have good chances of recovering and 
improving voice quality.
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