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ABSTRACT:   Objective: To assess the sensitivity and specificity of larngovideostroboscopy (LVS) in the diagnosis of precancerous 
and malignant lesions of the vocal folds. 

  Material and methods: In 175 patients (128 men and 47 women), aged 19-88 years, mean age 61.5, who were admitted 
to the clinic with diagnosed premalignant conditions of vocal fold mucosa (leukoplakia, chronic hypertrophic inflam-
matory lesions) and thickening or tumor on the vocal fold, there was performed LVS before the laryngeal microsur-
gery. The LVS study included: localization of the leasion, movement of the vocal folds, mucosal wave, shape of glottis 
clousure, amplitude and symmetry of vocal fold vibration. In the evaluation, a point scale was applied for the individ-
ual functional parameters. The scale ranged from 0 to 14. Patients with impaired vocal fold motion or absent mucosal 
wave were positive on LVS for malignant lesions. Those with limitted mucosal wave were positive on LVS for dysplastic 
lesions. The results were compared with the final histopathological examination and the sensitivity, specificity, accu-
racy, positive (PPV) and negative (NPV) predictive value were calculated. 

  Results: On the basis of histopathological examination, benign lesions (normal or inflammatory mucosa) account-
ed for 20% of diagnoses, hypertrophy and parakeratosis for 28%, low and middle grade dysplasia accounted for 
10% and malignant lesions (high-grade dysplasia, pre-invasive cancer, Invasive cancer) were diagnosed in 42% of 
patients. The overall mean score for LVS was 4.5 and 8.0, respectively for benign and malignant lesions. Sensitivity, 
specificity, accuracy, PPV and NPV of LVS in detecting malignant lesions were respectively - 95.6%, 23.8%, 61.1%, 
57.6% and 83.3% and in detecting both premalignant and malignant lesions were respectively – 90.7%, 31.4%, 
78.9%, 84.1% and 45.8%. 

  Conclusions: Because of the high sensitivity of LVS in detecting precancerous and malignant lesions, this method is a 
very good tool for screening of pathology within the larynx.
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INTRODUCTION

Most benign and precancerous lesions of the larynx are located on 
the vocal folds, and almost half of the malignant laryngeal tumors 
involve the glottis. Symptoms reported by patients and risk factors 
are very similar for benign, precancerous and malignant lesions, 
which makes clinical differentiation impossible [1]. Progression 
of benign to precancerous or malignant lesions is often observed. 
Diagnosis and distinguishing between benign, precancerous and 
malignant lesions at an early stage would make it possible to plan 
radical treatment during the first laryngeal microsurgery .

Currently, endoscopy of the larynx is routinely performed in 
patients with laryngeal pathology. Figure 1. Due to the anat-
omy of the vocal folds and a unique mechanism of phonatory 
vibrations, it is necessary to assess the vibration on strobos-
copy in the case of pathology involving glottis. The first stro-
boscopic examination was conducted in 1878 by Oertel [2]. 
The image obtained during stroboscopy is, however, a virtual 
image of the vocal cord vibration adjusted to the image reg-
istration rate of the human retina (5 movements per second). 
The real frequency of vocal fold vibration is about 256 Hz in 
females and 120 Hz in males.
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MATERIALS AND METHODS

The study included 175 patients (47F, 128M) aged 19 to 88, 
with the mean age of 61.5, who were referred to our depart-
ment for directoscopy or laryngeal micsrosurgery due to the 
initial diagnosis of precancerous or malignant lesions of the 
glottis. The exclusion criteria included: diagnosis of benign 
lesions (Reinke’s edema, polyps, nodules, cysts)and glottic 
tumors causing immobilization of the vocal fold  on laryngo-
scopy examination with a mirror. In the studied population, 
76 patients were diagnosed with vocal fold tumor, 45 – with 
leukoplakia, 34 – vocal fold hypertrophy, 10 – papilloma, and 
5 patients were suspected of cancer recurrence following ra-
diotherapy. Table 1

All patients were assessed preoperatively using laryngovide-
ostroboscopy (LVS) (Xion Endo STROB E, Berlin, Germany) 
including assessment of mobility of the vocal folds, presence 
of mucosal wave, type of glottal closure during phonation, 
symmetry and amplitude of vibrations. The examination was 
conducted by two separate examiners with immense experi-
ence in stroboscopic evaluation. The lesion was classified as 
precancerous (expecting histopathological diagnosis of low- 
or middle-grade dysplasia), when the LVS examination  re-
vealed limited mucosal wave. As a criteria of  malignancy in 
functional assessment of the glottis, we assumed  impaired 
vocal mobility and/or the absence of mucousal wave. The eval-
uation of specific laryngeal functions was conducted using a 
clinical scale based on the proposition of  the European Lar-
yngological Society [3]. The point scale is presented in Table 
2. The range was from 0 in patients with normal glottal func-
tion to 14 in patients with bilateral maximal impairment of 
the assessed parameters. The final diagnosis was made based 
on the pathology study results.

Statistical analysis was conducted using Statistica12 package 
StatSoft, Dell Statistica Partner. The sensitivity, specificity, ac-
curacy, positive and negative predictive values (PPV and NPV) 
of functional glottal assessment during LVS were assessed for 
differentiating malignant lesions. P < 0.05 was considered sta-
tistically significant. Continuous variables were compared us-
ing the non-parametric ANOVA test as well as the Wilcoxon 
matched pairs signed rank test with Bonferroni correction (p 
= 0.017). The Kruskal-Wallis H test was used to compare var-
iables with non-normal distribution.

RESULTS

In the studied group, normal mucosa within the lesion was 
diagnosed in 13 patients (7.4%) based on the pathology study, 

inflammation of the mucosa – in 23 patients (13.1%), hyper- 
and parakeratosis – in 49 (28%), low-grade dysplasia – in 8 
(4.5%), middle-grade dysplasia – 10 (6%), high-grade dys-
plasia – 12 (7%), carcinoma in situ – in 11 (6.3%) and inva-
sive cancer – in 49 patients (28%). Despite normal vocal fold 
mobility on initial examination using a mirror, LVS revealed 
limited vocal cord mobility in 2 patients. Unfortunately, in 
32 out of 175 patients (18%) the assessment of vocal fold 
function on LVS was impossible due to compensation mech-
anism such as vestibular fold phonation. In those patients, 
the evaluation of mucosal wave, symmetry and amplitude 
of vibration was impossible. The percentage of patients, in 
whom precise LVS evaluation was not possible, was higher 
in patients with dysplasia (20-25%), carcinoma in situ and 
invasive cancer (20-27%) compared to patients with benign 
lesions (4-18%). Table 3. For the rest of the patients, nor-

Tab. I. Demographical and clinical data of the studied patients.

Total number of patients; F/M 175; (47F, 128 M)

females; mean age; range 60,7±10,5; 62 (35–82)

males; mean age; range 61,8±11,0; 62,5 (19–88)

Clinical diagnosis

Vocal fold tumor 76

leukoplakia 45

hypertrophy 39

papilloma 10

suspected recurrance, post-RTx 5

Tab. II.  The laryngovideostroboscopy functional assessment with application of 
the score  scale.

Vocal fold 
mobility

right normal-0 limited -1 none -2

left normal-0 limited -1 none -2

Mucosal 
wave

right present-0 limited -1 none -2

left present-0 limited -1 none -2

Glottic 
closure

longitudi-
nal-0

posterior insuf-
ficiency -0

other insuffi-
ciency -1

Symmetry 
of vocal fold 
vibration

simultane-
ous-0

non-simultaneous-1

Amplitude 
of vocal fold 
vibration 

right normal-0 decreased-1 none-2 

left normal-0 decreased-1 none-2 
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mal mucosal wave was more common in  case of benign le-
sions (37-61%) compared to those with dysplasia (30-45%) 
and  cancer (18-23%). However, the percentage of patients, 
in whom the mucosal wave was absent, was the highest in  
case of invasive cancer (48%) and in patients with middle- 
and high-degree dysplasia (29-31%).

The sensitivity of LVS in detecting dysplasia or invasive can-
cer was 90.7%, and the specificity was 31.4%. The accuracy 
of this method reached 78.9%, and the positive and nega-
tive predictive values were 84.1% and 45.8% respectively.

The sensitivity of LVS in detecting malignant lesions was 
95.6%, and the specificity was 23.8%. The accuracy of this 
method reached 61.1%, and the positive and negative pre-
dictive values were 57.6% and 83.3% respectively.

Based on the clinical scale for LVS assessment, in 143 pa-
tients, in whom the evaluation of vocal fold vibration was 
possible, much higher cumulative scores were observed in  
case of dysplastic lesions and cancer (6.3-8.3) compared 
to benign lesions (4.5-5.2). Table 4. We applied Receiver 
Operatig Characteristics (ROC) curves to decide on the 
cut-off level of LVS scoring for optimal sensitivity and 
specificity, and we obtained the value of 3 for differenti-
ation of benign and precancerous lesions, and the value 

of 6 for differentiation of hypertrophic and malignant le-
sions. Fig. 2 and 3.

DISCUSSION

Arens et al. proved that the thickness of vocal fold mucosa in-
creases depending on its condition as follows: normal epithelium 
- 147μm, low-grade dysplasia – 258 μm, middle-grade dyspla-
sia - 301 μm, carcinoma in situ  445 μm, invasive cancer – 974 
μm [4]. The increased vocal fold thickness causes an increase in 
its size and affects vibration of the vocal folds. In our study, we 
observed a significantly higher rate of absent mucosal wave in 
patients with invasive glottal cancer (48%), middle- (31%) and 
high-grade dysplasia (29%) compared to benign lesions (13-15%). 
Djukic et al. presented similar results as to the absence of mu-
cosal wave in precancerous and malignant lesions of the larynx: 
15% in patients with hypertrophy, 38.5% in middle-grade dyspla-
sia and 54.5% in high-degree dysplasia [5]. The high sensitivity 
of LVS confirms that this methods allows to correctly confirm 
early cancer in 95.6 % patients, however, the low specificity indi-
cates that only in 23.8% of patients with glottic lesions it can be 
correctly excluded. In the literature, there are studies showing 
high sensitivity of LVS in identifying malignant lesions ranging 
from 86% to 100% [6-10]. Data concerning its specificity varies 
in the cited studies from 7% to 93% [6-10].

Tab. III. Percentage results of mucosal wave in LVS with respect to final histopathological diagnosis among all patients (n=175).

[%] NORMAL 
MUCOSA
N=13

INFLAMMATION
N=23

HYPERTROPHY
N=49

LOW-GRADE 
DYSPLASIA  N=8

MIDDLE-GRADE 
DYSPLASIA
N=10

HIGH-GRADE 
DYSPLASIA 
N=12

CARCINOMA IN SITU
N=11

INVASIVE 
CANCER
N=49

Mucosal wave

present (%) 61,5 47 36,7 45  30 33,4 18,2 13,5

limited (%) 19,2 33,5 26,5 20 18,8 12,5 36,4 18,4

absent (%) 15,4 13 18,4 10 31,3 29,2 18,2 47,8

Impossible to 
assess (%)

3,9 6,5 18,4 25 19,9 24,9 27,2 20,3

Tab. IV. The results of LVS scores for respective histopathological diagnoses in 143 patients

  normal Inflammation hypertrophy low-grade 
dysplasia

middle-grade 
dysplasia

high-grade 
dysplasia

carcinoma in 
situ

invasive cancer

LVS Mean ± SD 4,5
±2,9

4,7
±3,0

5,2
±2,7

6,3
±3,6

6,8
±3,2

8,3
±3,0

7,3
±1,9

8,0
±2,3

LVS median 4 5 5 6,5 6,5 7,5 7 8

LVS range 0–9 0–10 0–10 0–11 2–12 3–12 4–10 1–12
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is impossible. Another problem of functional assessment 
of the larynx is observed in patients, who have undergone 
laryngeal microsurgery with resection of the epithelium 
and deeper layers of the vocal fold. The functional result 
will be different post  type I and II cordectomy compared 
to more radical type III cordectomy, after which no vibra-

One negative factor that limits the possibility of reliable 
use of functional assessment during LVS to distinguish 
malignant and precancerous lesions is the presence of la-
ryngeal compensation mechanisms leading to phonatory 
vibration of structures located superiorly to the glottis. 
In those cases, the functional analysis of the vocal folds 

A

C

B

D

Fig. 1.  Laryngovideostroboscopy images of different glottic lesions (histopathology results): 1a - parakeratosis, 1b – middle-grade dysplasia, 1c – invasive cancer, 1d – 
hyperplasia, interstitial edema.
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CONCLUSIONS

• Laryngovideostroboscopy is a very sensitive test in 
detecting vocal fold pathology and it can be used as a 
screening method.

• Unfortunately, functional assessment of vocal fold 
vibration is not specific and does not allow to precisely 
distinguish benign from malignant lesions.

• The proposed scale can be helpful in comparing 
laryngovideostroboscopy results in different laryngeal 
lesions.

tion is expected within the scar. Also, previous radiother-
apy of the larynx disturbs normal histological stratified 
structure of the vocal fold, which in turn results in impaired 
vibration. The presented results do not take into account 
the impact of morphological assessment of the lesion on 
final diagnosis, which certainly is an important factor. In 
our study, we were interested in the effect of functional 
assessment of vocal fold vibration on final diagnosis in  
suspicious lesions of the glottis. The preliminary results 
of such assessment, with additional use of the proposed 
scale, seem very interesting.
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