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AbstrAct:   Introduction: laryngeal paralysis deteriorates all laryngeal functions. therefore the therapeutic process  must include res-
toration of respiratory, defensive and vocal function. Selection of a proper rehabilitation path plays a key role. appropriate 
research protocol that includes objective methods of voice evaluation is an important element of monitoring the return of 
vocal efficiency. Voice efficiency is important for the patient particularly due to psychological and social reasons.

  Aim: the aim of the study was the assessment of short-term functional voice therapy (FVt) in patients with unilateral 
paralysis of the larynx with the use of objective parameters describing the glottis and voice quality. 

  Material and Method: in the last 10 years 355 patients with laryngeal paralysis were hospitalized in the audiology 
and Phoniatrics Clinic due to dysphonia. all patients underwent a 5-day FVt. in 2015 we unified the diagnostic proto-
col measuring parameters obtained from videostrobokymography (VSK), electroglottography (Egg), perceptual and 
acoustic voice analysis before and after 5-day hospitalization.

  results: after FVt patients showed improved voice quality and glottal compensation. the majority of patients 
achieved a statistically significant improvement in VSK, Egg, MdVP, and perceptual analysis. the group of patients 
with unsatisfactory voice improvement after therapy required a prolonged rehabilitation or was qualified for laryn-
geal microsurgery. Potential causes of insufficient effects of FVt were analysed.

  conclusions: the complexity of voice rehabilitation is crucial for the success of therapy. an interdisciplinary thera-
peutic team plays a significant role during voice rehabilitation in patients with vocal fold paralysis.

Keywords:  vocal folds, laryngeal paralysis, dysphonia, rehabilitation, voice

IntroductIon

Laryngeal paralysis deteriorates all laryngeal functions [1]. The-
refore, the therapeutic process  must include restoration of the 
respiratory, defensive and vocal function. Selection of a pro-
per rehabilitation path plays a key role. Appropriate research 
protocol that includes objective methods of voice evaluation 
is an important component of monitoring of the return of vo-
cal efficiency. In patients with vocal fold paralysis symptoms 
of dysphonia result from a combination of air leakage through 
the glottis and inappropriate hyperfunctional compensation 
[2]. Voice efficiency is important for the patient particularly 
due to psychological and social reasons. [3]. 

AIM

The aim of the study was the assessment of short-term func-
tional voice therapy (FVT) in patients with unilateral paralysis 
of the larynx with the use of objective parameters describing 
voice quality and the glottis. 

MAterIAl And Method

In the last 10 years 355 patients with laryngeal paralysis were 
hospitalized in the Audiology and Phoniatrics Clinic due to 
dysphonia. All patients underwent a 5-day multidisciplinary 
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•	 QOQEEG – Electroglottographic quasi open quotient
•	 GRBAS scale – G(grade), R(roughness), B(breathiness), 

A(Asthenia), S(Strain)
•	 Multidimentional Voice Program (MDVP) parameters: 

 Jitt % – jitter percent 
 vF0 % – fundamental frequency variation 
 Shim % – shimmer percent 
 vAm % – peak amplitude variation 
 NHR – noise to harmonic ratio

course of hospItAlIzAtIon 
– fVt eleMents descrIptIon

Phoniatric care

Phoniatric care included otolaryngologic and phoniatric exa-
mination at admission and discharge from the hospital. Laryn-
govideostroboscopy (LVS) and EGG was archived on Endo-
STROB-DX-Xion GmbH (Berlin) device with DIVAS software. 
Electroglottography was recorded during prolonged, comfor-
table phonation of [a], [e], [i], [o], [u]. Kymograms were made 
from LVS recordings, from the anterior, middle and posterior 
third of the membranous portion of the glottis during prolon-
ged, comfortable phonation of [e]. DIVAS software calculated 
OQVSK and QOQEGG [4]. Figure 3 shows kymograms and a view 
of a fully open and closed glottis before and after treatment of 
one of the subjects.

All patients underwent every-day 20-minute manual therapy 
of the larynx [5]. The therapy aimed at: 

•	 supplementation of information deficits in the nervous 
system, 

care hospitalization (Figure I). In 2015 we unified the diagno-
stic protocol to assess the therapeutic process of patients with 
voice disorders. We included the most objective procedures of 
laryngeal assessment available in our Clinic. All patients un-
derwent videostrobokymography (VSK), electroglottography 
(EGG), perceptual and acoustic voice analysis on the first and 
last day of hospitalization. All patients fulfilled the Voice Han-
dicap Index questionnaire (VHI) on the first day of their stay. 

In 2016 a group of 42 people with unilateral laryngeal paraly-
sis was referred to our clinic for voice therapy. Dysphonia was 
their dominant problem. Patients did not complain of dyspha-
gia. The group included 37 women and 5 men with a mean age 
of 58 years (standard deviation SD-13.6). Sixteen patients had 
paralysis of the right vocal fold, and 26 patients of the left one. 
Figure 2 shows the group of patients divided into groups ac-
cording to the occurrence of vocal fold (VF) paralysis. Hospi-
talized patients were admitted after 1 month to 22 years fol-
lowing the onset of unilateral laryngeal paralysis, with a mean 
time of 3.9 years (median 2 years). The most common cause of 
paralysis was strumectomy – 29 patients, including 3 cases of 
restrumectomy. Other causes included surgical treatment in 
the region of the neck – 5 patients, or chest – 2 patients and 
neurosurgical operations – 2 patients. In 1 patient the para-
lysis occurred after radiotherapy and 3 cases were idiopathic. 
Among 42 hospitalized patients, 14 pursued a profession de-
manding significant qualities of the voice organ (2nd group 
according to UEP classification) before laryngeal paralysis.

Parameters obtained on the basis of VSK, EGG, perceptual and 
acoustic voice analysis were compared before and after 5-day 
hospitalization. The assessed parameters were:

•	 QOQVSK – Videostrobokymographic open quotient

fig. 1. graph characterizing the profile of hospitalization.
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The principles of a proper vocal hygiene were discussed.

Lax Vox individual exercises were recommended a few times 
per day.

Psychological care
In the framework of psychological consultation, therapeutic 
talk and relaxation exercises were conducted. The therapeu-
tic talk is related to the emotional state of the patient, family 
and occupational situation. During the interview, projection 
tests such as Family Drawing or Rotter Incomplete Sentences 
Blank are used to define the level of adaptation of a person, their 
emotional, family and mental condition. Therapy talk is about 
determining the emotional state of the patient, carrying out 
a process aimed at establishing a therapeutic plan, which will 
help to recover the patient. Applied relaxation exercises were 
used to reduce muscle tension, expand blood vessels, raise the 
temperature of certain body parts, resulting in mental relaxa-
tion. A stress reduction program was also used with cognitive 
therapy based on careful attendance. Moreover, exercises of 
careful breathing and body scanning were used, that brought 

•	 delaying muscle degeneration, 
•	 muscle tension control exercises,
•	 maintaining the mobility of laryngeal joints and 

movement stereotypes through passive movements in 
the cricoarytenoid joint,

•	 improving laryngeal closure and higher subglottal 
pressure,

•	 increasing loudness, voice resonance, vocal scale and 
maximal phonation time [6].

Speech therapy
Speech therapist assessed patients’ body posture, coordination 
of breathing, phonation and articulation, function of resonators, 
and speech rate [7]. During daily group activities proper voice 
emission was discussed. The following exercises were used:

•	 breathing exercises that activate the inferior ribs, 
•	 exercises of the peripheral parts of the speech organ,
•	 emission-based breathing exercises based on the accent 

method,
•	 muscle tone control exercises based on modified 

versions of autogenic training.

fig. 2.  Patients divided into groups according to the time of VF paralysis occurrence (in months).
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the patient into a state of deep relaxation and inner peace. 

Physiotherapeutic care
In physiotherapy we used DC current of a galvanizing cathode, 
pulse stimulation with a medium frequency current modula-
ted in amplitude and electrostimulation based on vocaSTIM 
device. Laryngeal electrostimulation was applied once a day. 
Parameters were chosen according to the degree of nerve da-
mage. We used the first two methods in the treatment of early 
laryngeal paresis. VocaSTIM was prescribed for patients with 
paresis longer than 6 months. 

We used the galvanizing cathode for about 15 minutes. We 
used two electrodes of the same size with current dose of 0.3 
mA / cm2. Stimulating effect is obtained under the negative 
electrode. The current improves local blood circulation, which 
positively affects the nutrition and oxygenation of the tissues. 
DC current also influences neuromuscular excitability, resul-
ting in slower atrophy of paralysed muscles. 

The second kind of prescribed electrotherapy was pulse stimula-
tion with a medium frequency current modulated in amplitude. 
In the treatment of flaccid paralysis, we use unipolar triangle 
shape modulation. In sensitive body regions - like neck - bipo-
lar triangle shape can be also applied. Stimulation might begin 
5-7 days after the paralysis occurrence. We stimulated patients 

fig. 3.  lVS view of a fully open and closed glottis before (a1,B1) and after (a2,B2) treatment. also shown kymograms from the posterior (C), middle (d) and anterior (E) part 
of the glottis before (1) and after (2) treatment.

fig. 4 . results after a 5-day complex voice therapy.
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Due to lack of stroboscopic effect or glottic insufficiency, which 
prevented evaluation of vibratory cycles of the vocal folds, we 
were unable to perform kymography in 23 patients on the 1st 
day of their hospitalization. After FVT VSK was still unsuc-
cessful in 12 subjects. In 11 patients we achieved closure of the 
glottis, which made measurement of the Videostrobokymo-
graphy Open Quotient (OQVSK ) possible. The greatest mean 
improvement was achieved in the anterior third.

The preliminary EGG was entirely irregular and illegible in 
13 patients. After FVT, EGG recording was improved  during 
phonation of [a], [e] and [i] but no statistically significant dif-
ferences were found. The greatest improvement was achieved 
for phone [a] – we observed normalization of the EGG wave 
in 8 patients.

After FVT we achieved improvement in all parameters of the 
GRBAS scale, but only for G (grade) and S (strain) the diffe-
rence was statistically significant (p<0.05). 

A group of patients with unsatisfactory voice improvement 
after FVT required a prolonged therapy or was qualified for 
laryngeal microsurgery. Thirteen patients were directed for a 
second week of FVT. Those patients had significantly higher 

with the negative electrode: Ti = 100-180 ms; Tp = 150-900 ms.

The third option available in our clinic for the treatment of pa-
tients with laryngeal paralysis is electrostimulation on Voca-
STIM device. The indications for the therapy include larynge-
al paralysis, aphasia, dysphasia, dysarthria and dysphagia. The 
procedure stimulates paralysed nerve motor and sensory fibers.

The main goal of the electrostimulation is to prevent muscle 
atrophy. Thanks to VocaSTIM active vocal tasks, patient im-
proves auditory control of speech.

As much as 40% of subjects did not undergo electrostimula-
tion because of the history of neoplasm. Vibroaerosols with 
vitamin A and E were commissioned to all patients two times 
a day for 15-20 minutes. 

results

After FVT patients improved voice quality and glottal com-
pensation. The majority of patients achieved improvement in 
VSK, EGG, MDVP and perceptual analysis. The pre- and post-
-rehabilitation results are shown in Table I. 

tab. I. Mean values of measured parameters before and after the treatment

AnterIor MIddle posterIor AVerAged

OQ VSK before 0.57 0.6 0.65 0.61

n=23 after 0.54 0.56 0.59 0.57

a e i o u

QOQ Egg before 53.1 56.3 57.8 60.5 58.8

n=11 after 58 59.1 60.5 62 58

Jitt vfo shim vAM nhr

MdVP before 3.79925 10.1354 10.4376 26.474 0.2681

n=42 after 3.473366 6.73932 9.04012 23.835 0.24556

yanagihara

degree of hoarsness before 2.43

n=42 after 2.19

g r b A s

before 2.15 1.77 0.98 0.53 1.49

after 1.62 1.36 0.47 0.17 0.87

VhI functional emotional physica total

n=42 18.5 19 24.57 62.3
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medial and posterior third of the vocal folds (Figure 5). Sta-
tistically significant differences were found for OQVSK values 
calculated from the medial part of the vocal folds (p<0.01) and 
from the posterior part of the vocal folds (p<0.01). For the an-
terior third of the vocal folds no statistically significant diffe-
rence was found (p=0.06).

This group of patients hospitalized up to 6 months after oc-
currence of vocal fold palsy, achieved greater improvement in 
GRBAS scale and Multidimentional Voice Program (MDVP) 
parameters. A statistically significant difference for R (rough-
ness) was found (p=0.024), for F0 (p=0.05) and vAm (p=0.01).

dIscussIon

FVT is aimed to restore a socially efficient voice among patients. 
Proper vocal performance is characterized by an easy, effortless 
way of phonation. Balance between breathing, phonation and 
voice resonance [8]. Voice production includes many aspects 
of human nature [9]. In our opinion, this determines a neces-
sity to include a multidisciplinary team in the process of voice 
therapy. We obtained information about voice self-rating from 
VHI. The questionnaire quantifies patient’s perception of vocal 
disability [10]. In our study, we observed significantly higher 
VHI score in patients demanding further medical procedures 
(second course of FVT or phonosurgery). Patients who needed 
second FVT gained even higher results than the group direc-
ted to phonosurgery. The decision about the therapeutic path 
after hospitalisation was based on our clinical experience. In 
patients requiring a longer therapy we commonly observed 

results in VHI than other patients. After the repeated thera-
py 4 patients required phonosurgery.  We studied potential 
factors that could have caused insufficient effects of FVT. We 
took under consideration: 

•	 mean age of patients
•	 time from occurrence of vocal fold paralysis 
•	 Place of occurrence of nerve X damage / degree of 

nerve X damage
•	 degree of hoarseness
•	 subjective perception of voice handicap (VHI 

questionnaire)
•	 professional voice use
•	 appliance of laryngeal electrostimulation 
•	 results of VSK, EGG, MDVP and perceptual analysis 

before and after FVT. 
After the analysis we concluded that patients who had signifi-
cantly higher VHI score, grade of hoarseness and little impro-
vement in OQVSK, were referred to phonosurgery (Figure 4). 

The average time from occurrence of vocal fold paralysis in 
patients who required a prolonged therapy was 2 years. Sub-
jects with satisfactory voice improvement after FVT had palsy 
for 5 years on average and had lower VHI score before hospi-
talization. A statistically  significant correlation between time 
of occurrence of the paralysis and the value of functional and 
physical subscales was found (p<0.05).

Statistical analysis showed that patients hospitalized up to 6 
months after the occurrence of vocal fold palsy achieved gre-
ater improvement of OQVSK values measured for the anterior, 

fig. 5. improvement of OQVSK depending on the time since paralysis.
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cord EGG waves not for all vowels in 29 patients. All of them 
showed prolonged opening phase in the EGG wave. According 
to Zagólski, this is one of the characteristic features among pa-
tients with vocal fold paralysis [15].

The analysis of EGG in patients with vocal fold palsy was pre-
viously performed by Zagólski in another study [16]. The au-
thor showed a correlation between the % of irregularity and 
perceptual degree of dysphonia. No differences regarding open 
quotient, opening quotient and closing quotient between the 
group of patients and controls were found. The author obse-
rved normalization of the EGG wave as a result of functional 
compensation during 6 months of observation.

Speyer et al. concluded that no single component of voice evalu-
ation is adequate to predict the response to rehabilitation [18]. In 
our study we evaluated voice with VSK, EGG, VHI, perceptual 
and acoustic voice analysis. We observed that patients with a hi-
gher grade of hoarseness (according to Yanagihara scale) obtain 
worse results after FVT and more often require phonosurgery.

conclusIons

Functional voice therapy is an effective and clinically useful 
method of treatment in cases of unilateral laryngeal paralysis. 

The complexity of FVT is crucial for the success of treatment. 

Interdisciplinary therapeutic team plays a significant role du-
ring FVT in patients with vocal fold paralysis.

Patients referred to FVT no longer than 6 months after para-
lysis have significantly better outcomes.

compensatory manoeuvres that led to laryngeal hyperfunction 
and vocal fatigue [11]. As stated by Stewart and Allen, patients’ 
self-assessment of voice is often related to their perception of 
the effort required to make functional voice [2]. In our opinion, 
long period from paralysis occurrence to the beginning of re-
habilitation is an another factor that predisposes to formation 
of faulty compensation mechanisms. Implementation of new 
vocal skills in everyday life is easiest if the transfer begins ear-
ly in the rehabilitation process [2].

During the 5-day FVT we did not observe vocal fold movement 
restoration. Manual therapy of the larynx was used to influence 
the reinnervation process. As reported by Blitzer, reinnerva-
tion of paralysed vocal folds may not restore motion, but may 
yield a better voice because it maintains vocal fold bulk and 
tonus [12]. According to Zealer and Billantemany, most para-
lyzed vocal folds reinnervate. Lack of muscle function resto-
ration might be due to synkinetic or inadequate reinnervation 
of the muscle fibers [13].

Liang et al. states, that aerodynamic analysis can effective-
ly evaluate the vocal functional status of patients before and 
after training, which is beneficial for treatment efficacy eva-
luation [14]. The results of this work show that OQVSK enables 
an objective assessment of the patients, whereas QOQEGG re-
sults are not useful because of high percentage of invalid re-
cords. There are no data in the literature describing the use of 
VSK in the monitoring of patients with laryngeal palsy. A few 
publications described the application of EGG in the group of 
patients, while perceptual and acoustic analysis is a gold stan-
dard used in the protocol of voice examination [15-17]. Only 
in 11 out of 42 patients we could measure all parameters ba-
sed on EGG waves before and after the treatment. In the rest 
of the patients we observed irregularities. We managed to re-
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