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ABSTRACT:   Introduction. The aim of the study was to evaluate the usefulness of high-speed digital imaging (HSDI) in the diag-
nosis of organic dysphonia in the form of oedematous-hypertrophic changes of the vocal fold mucosa, confirmed on 
transmission electron microscopy (TEM), in people using voice occupationally.

  Material and methods. The group consisted of 30 patients with oedematous-hypertrophic changes of the vocal fold 
mucosa who used voice occupationally. Parameters of vocal fold vibrations were evaluated using HSDI with a digital 
HS camera (HRES Endocam Richard Wolf GmbH). The image of vocal folds was recorded at a rate of 4000 frames per 
second. Postoperative material of the larynx was prepared in a routine way and assessed under a transmission elec-
tron microscope (OPTON 900–PC).

  Results. HSDI assesses real vibrations of the vocal folds and outputs numerous parameters. TEM of postoperative la-
ryngeal material showed destruction of epithelial cells with severe vacuolar degeneration, enlargement of intercellu-
lar spaces, and numerous blood vessels in the stroma, indicating oedematous-hypertrophic changes.

  Discussion. The ultrastructural assessment confirmed particular usefulness of HSDI in the diagnosis of organic dys-
phonia in the form of oedematous-hypertrophic changes.
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INTRODUCTION 

Voice quality depends on proper vibrations of the vocal folds that 
can be produced owing to the stratified structure of laryngeal mu-
cosa. Morphological changes in the epithelium, basal membrane, 
or superficial layer of the lamina propria disturb physiological 
vibrations of the vocal folds, causing dysphonia. Visualization 
techniques that register numerous parameters regarding the se-
verity of voice quality disorders are very useful in the diagnosis 
of clinical types of dysphonia [4, 11 16, 21, 22, 24, 25]. One of the 
most innovative of these technique is high-speed digital imaging 
(HSDI), which is particularly valuable in the diagnosis of the clin-
ical types of dysphonia [16, 21, 22]. 

The aim of the study was to assess the usefulness of HSDI in the 
diagnosis of oedematous-hypertrophic changes of the vocal fold 
mucosa, ultramorphologically confirmed on transmission elec-
tron microscopy (TEM), in people using voice occupationally.

MATERIAL AND METHODS 

The group consisted of 30 patients diagnosed with oedema-
tous-hypertrophic changes of the vocal fold mucosa at the 
Phoniatric Outpatient Clinic, Department of Clinical Phono-
audiology and Logopedics, Medical University of Białystok and 
later operated on at the Otorhinolaryngology Clinic, Medical 
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University of Bialystok. The group included 23 (77%) female 
and 7 (33%) male patients, aged 37 to 52 years (average age, 47 
years). The group consisted of people using voice occupation-
ally, non-smokers, without symptoms of laryngopharyngeal 
reflux and chronic airway disease. 

The control group comprised 15 subjects with euphonic voice 
who were assessed at the Phoniatric Outpatient Clinic, Med-
ical University of Białystok and in the Department of Clini-
cal Phonoaudiology and Logopedics, Medical University of 
Bialystok. The group included 12 (80%) female and 3 (20%) 
male patients, aged 34 to 50 years (average age, 44 years). The 
group consisted of people who did not use voice occupation-
ally, non-smokers, without symptoms of oesophageal-phar-
yngeal reflux disease.

Before surgery for oedematous-hypertrophic changes, vi-
brations of the vocal folds were analysed using HSDI, with 
a digital HS camera and the HRES system (Endocam 5562 
Richard Wolf GmbH). A rigid endoscope with 90º optics, 
manufactured by the same company, was used during re-
cording. The vibrations of the vocal folds were examined 
during phonation of the “e” vowel; registration rate was 4000 
frames per second. The recording time was 2 seconds, which 
was played back at 15 frames per second. This allowed to 
assess the vocal fold vibrations in a slow-motion mode for 
more than 8 minutes.

 Tissue samples of the larynx  to assess by transmission electron 
microscopy came from autopsy of people at the same age as 
in control group. Some of the tissues came from the larynx of 
patients with larynx cancer in piriform recess with unchanged 
vocal folds. This location of cancer was an indication for to-
tal removal of the larynx with unchanged vocal folds. Afore-
mentioned postoperative tissue samples of the larynx were 
ultramorphologically assessed.

Postoperative tissue samples of the larynx were assessed with 
transmission electron microscopy (TEM). The material was 
fixed in 2.5% glutaric aldehyde, postfixed in 1% OsO4, and im-
mersed in Epon 812. Ultrathin specimens were sliced with ul-
tramicrotome by Reichert Ultracuts, counterstained with uranyl 
acetate and lead citrate, and analysed using the transmission 
electron microscope OPTON 900 – PC, achieving magnifica-
tion of 3000x and 4400x. Subjective  Objective parameters of 
the vocal folds vibrations were analysed, including mucosal 
wave, phonatory closure of glottis, symmetry, and amplitude. 
The mucosal wave (MW) was rated on a 6-point scale, accord-
ing to Shaw and Deliyski [24], for the right and left vocal folds:  
0 – absent MW; 
1 – severely decreased MW; 

2 – moderately decreased MW; 
3 – typical MW; 
4 – moderately increased MW; 
5 – severely increased MW.

 The difference between the right and the left vocal fold of one 
point indicates mild asymmetry, two points – moderate asym-
metry, three points – severe asymmetry, and four or more 
points – profound asymmetry [24]. 

The glottal closure types (GTs) were evaluated based on the 
classification by the Committee on Phoniatrics of the Europe-
an Laryngological Society (ELS) [11] as follows:

• Rectangle / longitudinal 
• Concave / hour-glass
• Triangle / dorsal
• V-shape / ventral 
• Medial / convex

In the objective assessment, the phonatory closure of glottis 
was evaluated with the value of the open quotient (OQ) of the 
glottis in the front, centre, and rear part, as well as with the 
area of the entire length of the glottis.

RESULTS 

In the group of 30 patients with voice quality disorders due to 
oedematous-hypertrophic changes of the vocal fold mucosa, 
we observed vibration disturbances in both vocal folds. 

We observed asymmetry of vocal fold vibrations and distur-
bances of mucosal wave in both vocal folds  at most patients. 

Based on the classification by Shaw and Deliyski [24], moderate 
asymmetry of mucosal wave was found in 10 (33.33%) patients 
(two points of difference), mild asymmetry in 6 (20%) patients 
(one point of difference), severe asymmetry in 3 (10%), and pro-
found asymmetry in 1 (3.33%) patient.  In 15 (50%) patients, 
a clearly visible increase of vibration amplitude with bilateral 
reduction of mucosal wave was registered on visualization ex-
aminations. Moderately decreased MW in 15 (50%), moderate-
ly increased MW in 3 (10%) and  severely increased MW in 2  
(7%) patients were demonstrated using HSDI in patients with 
oedematous-hypertrophic changes of the vocal fold mucosa . 
In 10 patients (33%) was registered typical MW.

In 15 (50%) patients, we additionally found pathological 
phonatory closure of the glottis in the rear part as a trian-
gle (type C in the classification of the glottal closure types 
according to ELS). In these patients, the average value of 
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the open quotient (OQ) was 0.98 in the rear part and 1 for 
the whole glottis. 

In 3 (10%) patients, pathological, type B (concave) phonatory clo-
sure was observed. The mean value of the open quotient in the 
front and rear part was 0.83 and 0.96, respectively. For the en-
tire length of the glottis, the average value of this quotient was 1. 

In 2 (7%) patients, pathological, type E (medial) phonatory 
closure was observed. The mean value of the open quotient in 
the front part was 0.31, medium-0,93 and rear part 0,37. For 
the entire length of the glottis, the average value of this quo-
tient was 1. 

In 10 patients phonatory closure of the glottis was physiolog-
ical in the entire length of the glottis. The average value of the 
open quotient in this group was 0.25.

In the control group of 15 subjects with euphonic voice, mu-
cosal wave was classified on a 3-point scale put forward by 
Shaw and Deliyski [24]. Phonatory closure of the glottis was 
physiological in the entire length of the glottis. The average 
value of the open quotient in this group was 0.64. In the con-
trol group, we noted squamous epithelium without features 
of keratinization with corrugation of the basal membrane un-
der the epithelium, blood vessels with multiplication of basal 
membrane and numerous pericytes, elastic fibrils, and few 
collagenous fibrils in the stroma.  

In patients with oedematous-hypertrophic changes of the vo-
cal fold mucosa, enlargement of intercellular spaces and severe 
destruction of epithelial cells with vacuolar degeneration and 
inflammation were observed. Numerous fibroblasts with en-
larged cisterns of rough endoplasmic reticulum and numerous 
collagenous fibrils in the stroma within and under the epithe-
lium were observed. The basal membrane was less corrugated 
in comparison with the control group.

DISCUSSION

In the process of euphonic phonation, vibrating vocal folds play 
an important role [19, 20]. Correct vibrations of the vocal folds 
require an undisturbed, layered structure of the vocal fold mucosa 

Fig. 1. Asymmetry of mucosal wave in the analysed group of patients.

Fig. 2.  A  – Vocal fold mucosa in a female patient in the control group (TEM 
3000×)./ Thin basal membrane of the epithelium shows a folded course, 
surrounding epithelial parabasal cells. 
B – Vocal fold mucosa in a female patient in the control group (TEM 3000×)  
/Epithelial cells without significant ultrastructural changes with preserved 
intercellular spaces. 
C – Vocal fold mucosa in a male patient in the control group (TEM 3000×) /
Epithelial cells with explicit cellular nuclei without signs of destruction and 
preserved intercellular spaces. 
D – Mucosa in the area of the laryngeal ventricle (TEM 3000×) / Clearly 
visible cells of the ciliated pseudostratified columnar epithelium without 
features of destruction, with physiological intercellular spaces and explicit 
cell nuclei.
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phological changes of the vocal fold mucosa disturb vibrations of 
the vocal folds, causing asymmetry and asynchrony of vibrations. 
Changes in the parameters of mucosal wave morphology were 
registered on HSDI, which is especially useful in the diagnosis 
of organic dysphonia. This technique is also used in the evalua-
tion of phonatory paresis of the glottis, which very often coexists 
with oedematous-hypertrophic changes of the larynx. According 
to Larsson et al. [17], in the diagnosis of voice disorders diseases 
and the assessment of vocal fold vibration, HSDI, kymography, 
and acoustic voice analysis are especially useful, and guarantees 
an accurate and complex diagnosis of dysphonia.

The oedematous-hypertrophic type of organic dysphonia is 
caused by morphological changes within the epithelium, ba-
sal membrane, and the superficial layer of the lamina propria 
of the vocal fold mucosa. Ultramorphological changes such 
as enlargement of intercellular spaces, destruction of epi-
thelial cells, features of vacuolar degeneration of fibroblasts, 
and an increase in the number of fibroblasts and collagen-
ous fibrils disturb physiological vibrations of the vocal folds, 
causing organic dysphonia. The ultramorphological changes 
within the epithelial cells and stroma of the vocal fold muco-

[14, 16]. The preserved layered structure of the vocal folds is the 
basis for the physiological mucosal wave [14]. An adequate assess-
ment of mucosal wave morphology and its parameters provides 
information on vocal fold structure, thereby helping diagnose or-
ganic pathologies or functional disorders [5, 11, 15]. Visualization 
techniques are helpful in assessing vocal folds vibrations, and they 
include stroboscopy [12, 13], high-speed videoendoscopy (HSV), 
kymography, digital kymograghy [4], high-speed glottography 
[23], high-speed digital imaging (HSDI) [4, 5, 11, 16, 26] or high-
speed digital videoendoscopy [8]. According to Hertegård [8], 
high-speed digital videoendoscopy is helpful in the diagnosis of 
voice disorders associated with irregular vocal fold vibrations, in 
ventricular phonation, in professional singing, and in phonation 
of patients after laryngectomy. Kymography is especially impor-
tant in the assessment of phase asymmetry [4]. Many authors ap-
preciate the particularly usefulness of high-speed digital imaging 
(HSDI) in the diagnosis of laryngeal pathology [1, 21, 22, 25]. This 
technique assesses real vocal fold vibrations, frame by frame, by 
evaluating mucosal wave parameters [24]. Mucosal wave is the in-
dex of changes in the larynx, which is a very significant parameter 
used in the diagnosis of dysphonia [16]. Mucosal wave depends 
on the vocal fold structure, and its disorders are due to changes in 
vocal fold stratification [1, 2, 9, 16, 18]. Oedematous-hypertrophic 
changes in the vocal cords are caused by enlargement of intercel-
lular spaces and destruction of epithelial cells, which have features 
of severe vacuolar degeneration. Moreover, in the analysed group 
of patients a large number of fibroblasts with enlarged cisterns 
of the rough endoplasmic reticulum and numerous collagenous 
fibrils in the stroma were found. In the epithelial cells and under 
the epithelium, inflammatory features were observed. The epithe-
lial basal membrane was significantly less corrugated. A similar 
morphological picture was reported by Bodley [3] and Frenzel [7]. 
In the control group, we found intact epithelial cells on the basal 
membrane that were arranged in a corrugated pattern, numerous 
blood vessels with pericytes, and few collagenous and elastic fi-
bres in the stroma. A comparable ultramorphological picture was 
described by Hirano [10]. We found ultramorphological changes 
in the epithelium and stroma, on transmission electron microsco-
py (TEM), in patients with oedematous-hypertrophic changes of 
the larynx and disturbed vocal fold vibrations, as seen on HSDI. 
In the analysed group of patients, aperiodicity and asymmetry of 
vocal fold vibrations and phonatory paresis of the glottis were ob-
served. In patients with oedematous-hypertrophic changes of the 
larynx, we noticed insufficiency of phonatory closure of the glottis, 
type C and less frequently type B, according to the Committee on 
Phoniatrics of the European Laryngological Society (ELS) [6]. The 
above classification was confirmed by the values of the open quo-
tient of the glottis, indicating incomplete glottal closure in the rear 
part or in the front and the rear parts. Comparison of vibrations 
between the right and left vocal folds indicated asymmetry and 
aperiodicity of vibrations at most diagnosed patients.. Ultramor-

Ryc. 3.  A – Vocal fold mucosa in a female patient with oedematous-hypertrophic 
changes (TEM 4400×) /Signs of destruction of epithelial cells with severe 
vacuolar degeneration. 
B – Vocal fold mucosa in a female patient with oedematous-hypertrophic 
changes (TEM 4400×) /Many collagenous fibrils in the stroma, a blood 
vessel with multiplication of the basal membrane. 
C – Vocal fold mucosa in a female patient with oedematous-hypertrophic 
changes (TEM 3000×) /Fibroblasts with signs of vacuolar degeneration, 
numerous blood vessels, and basal membranes with less corrugated course.
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mucosal wave and phonatory closure of glottis. High-speed 
digital imaging (HSDI) can confirm asymmetry of the mu-
cosal wave in the form of phonatory paresis of the glottis and 
oedematous-hypertrophic changes of the vocal fold mucosa.

sa disturb mucosal waves, causing asymmetry of vocal fold 
vibrations, which leads to reduction of voice quality. High-
speed digital imaging (HSDI) analyses real vibrations of the 
vocal folds, frame by frame, enabling parameterization of the 
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