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INTRODUCTION: 

Vocal cord lesions may be epithelial lesion, lesions of lamina propria, vascular 

lesions or miscellaneous. The voice disorders can be broadly categorized into four 

namely inflammatory disorders, structural or neoplastic, neuromuscular and 

muscle tension imbalance. Commonly patient will have more than one problem for 

the reason of voice disorder. An abnormal voice is that which has one or more of 

the following characteristics: 

 Not audible, not clear, or not stable in a wide range of normal 

acoustic settings. 

 The voice is not appropriate according to the age and gender of the 

patient. 

 Not able to fulfil the linguistics and paralinguistic function. 

 Associated with pain and discomfort. 

The most common voice disorders are due to muscle tension dysphonia. Other 

common disorders are laryngitis, laryngopharyngeal reflux, vocal fold nodules, 

vocal fold polyps, vocal fold cysts, vocal fold palsy and paresis and arytenoid 
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granuloma. Less frequently encountered conditions are sulcus vocalis, mucosal 

bridges, papillomas, microvascular lesions, laryngeal trauma, hyperkeratosis, 

amyloid, dysplasia and carcinoma. 

Visual inspection of larynx is must to arrive at the diagnosis of vocal cord lesions. 

The most common and simple way of examining the larynx is by the use of 

indirect laryngoscopy mirror in a clinical setting. Video laryngoscopy is now 

widely used by the clinicians which provide direct view of the larynx. But the 

mucosal wave could not be seen because of the relative speed of vibration of the 

vocal cord is 100 cycles/second. Hence the advanced technique used to analyze the 

vibratory pattern of vocal cord mucosa is used nowadays which is the 

videostroboscopy. The features interpreted in laryngostroboscopic images are 

glottal closure pattern, mucosal wave, vocal cord opening and closing pattern, 

symmetry, description of lesion, supraglottic appearance. 

The video stroboscopic imaging can be combined with voice analysis for assessing 

the improvement or worsening of voice after treatment. 

The proposed study is the comparative study of vocal cord lesion using 

videostroboscopy, voice analysis and voice handicap index pre and post 

operatively.  All patients presenting to outpatient department of ENT OPD of 

Stanley medical college were subjected to video stroboscopic examination, voice 



11 
 

analysis and voice handicap index questionnaire before surgery. And after 6 weeks 

postoperatively they were subjected again to video stroboscopic examination, 

voice analysis and voice handicap index questionnaire. The results were compared. 

 

AIMS AND OBJECTIVES: 

  

1. Comparing the vocal cord vibratory changes in a patients with vocal cord 

lesions pre and postoperatively.  

2. Comparing the voice parameters in patient with vocal cord lesions pre and 

postoperatively. 

3. To assess the improvement of voice using voice handicap index subjectively 

in a patients with vocal cord lesions which is done both preoperatively and 

postoperatively. 

4. To assess the predictive value of the tests. 
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REVIEW OF LITERATURE: 

Embryology: 

In human the rudiment respiratory tract arises in the 4 th week as an outgrowth from 

the digestive tract, this is called laryngotracheal groove. The larynx develops from 

two parts, the supraglottis develops from the buccopharyngeal bud which is the 

fourth arch of the branchial system and the glottis and sub glottis develops from the 

tracheobronchial bud which considered to be the fifth and sixth arch. The intrinsic 

musculature of the larynx is derived from mesenchyme of branchial arch of the 

fourth through sixth arches. The Thyroid cartilage develops from Ventral ends of 4th 

arch cartilage. Cricoid, Arytenoid, Corniculate, and Cuneiform cartilage develops 

from 6th arch.Epiglottis develops from Hypobranchial eminence.  

Anatomy: 

The larynx protects the respiratory tract, provides controlled airway, phonation and 

generates intrathoracic pressure which facilitates coughing. 

Larynx extends from laryngeal inlet to inferior border of cricoid cartilage. Lies 

against the third to sixth cervical vertebra. But lies little higher in females 
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compared to males. The larynx of the infant is comparatively smaller than that of 

the adults and it is more of a funnel shaped. The junction of the subglottis with the 

trachea is the narrowest part. In the early part of life the larynx lies high up under 

the tongue but later it assumes the lower position. With age there occurs difference 

between the boys and girls in its size. The anteroposterior diameter doubles after 

puberty in men to reach the anteroposterior diameter of 36 mm in men whereas it is 

only 26 mm in female. 

The larynx is anatomically divided into supraglottis, glottis and subglottis. The 

supraglottis contains epiglottis and aryepiglottic fold superiorly which sweeps 

down to arytenoid. The lower border of the supraglottis is formed by the false 

cords otherwise known as ventricular bands which also forms the upper limit of the 

glottis. The glottis part consists of the vocal cords and anterior commissure and 

posterior commissure. The junction of the glottis and subglottis is till in debate 

which is either at the level of the vocal folds or 5 to 10 mm below the vocal folds. 

The subglottis end at the level of the lower border of cricoid cartilage. 

FRAMEWORK OF LARYNX: 

The skeletal framework made up of the following: 

 hyoid bone 

 Unpaired cartilages: epiglottis, thyroid cartilage, cricoid cartilage 
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 Paired cartilages: arytenoid, cuneiform, corniculate. 

 

 

 

 

 

 

Figure-1 showing the framework of larynx anterior view 1 

Epiglottis: 

This is a flattened leaf-like cartilage, attached to the angle between the thyroid 

laminae by the thyroepiglottic ligament. It projects upwards behind the hyoid bone 

and its superior margin is free. The anterior surface is free in the upper part but is 

separated from hyoid bone and thyrohyoid membrane by some fatty tissue in its 

lower part known as preepiglottic space. 

Thyroid cartilage: 
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It is the largest cartilage and forms a prominence in the neck (Adam’s apple). The 

two lateral laminae fuse together in midline in a V-shaped manner and its upper 

and lower ends are continued into horns called superior and inferior horns. This 

cartilage is connected to the hyoid bone by the thyrohyoid membrane and to the 

cricoid cartilage by the cricothyroid membrane. 

Cricoid cartilage: 

It is thicker and stronger than thyroid cartilage. It is like a signet ring.It is narrow 

in front and broad behind. There is vertical ridge in the posterior surface of lamina 

which gives attachment of the upper fibres of the esophagus. There is a smooth 

oval facet on each side of the upper border of lamina which gives articulation to 

arytenoid cartilage. 

Arytenoid cartilage: 

They are three sided pyramidal hyaline cartilage and its base articulates with the 

cricoid cartilage. Has two processes-the vocal process and muscular process. The 

posterosuperior part of conus elasticus is attached to vocal process and muscular 

process gives attachment to cricoarytenoid muscle. 

Corniculate Cartilage (Cartilage of Santorini): 
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This is situated at the apex of the arytenoid cartilages on either side in the mucous 

membrane of the aryepiglottic folds. It is conical in shape. 

 

Cuneiform Cartilage (Cartilage of Wrisberg): 

It is situated in each aryepiglottic fold just in front of the corniculate cartilage. It is 

club shaped.  

JOINTS OF LARYNX: 

They are two in number-cricothyroid and cricoarytenoid joint. 

 

Muscles of the Larynx: 

These are divided into two groups, extrinsic muscles and intrinsic muscles. 

Extrinsic group of muscles: 

 This group includes a various muscles which attach the larynx to other structures 

and includes the sternothyroid, thyrohyoid, sternohyoid, omohyoid, inferior 

constrictor and stylopharyngeus muscles. These muscles elevate and depress the 

larynx during deglutition. 

Intrinsic group of muscles: 
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 The intrinsic muscles cause movements of the laryngeal cartilages and work 

during breathing and phonation. 

 

The muscles are sub grouped according to their action: 

1. Adductors: These include the lateral cricoarytenoid muscles, cricothyroid and 

the interarytenoid muscle. The lateral cricoarytenoid is the main adductor. It arises 

from upper border of the lateral part of the arch of cricoid and gets inserted into the 

muscular process of arytenoid. 

2. Abductor muscle: The posterior cricoarytenoids are the sole abductors of the 

vocal cords. The muscles arise from the lower and medial surface of the posterior 

of cricoid lamina and are inserted into the posterior of the muscular process of 

arytenoid on the same side. When these muscles contract, they move the vocal 

cords apart causing widening of the glottis. 
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3. Tensors of vocal cords: These include cricothyroid and thyroarytenoid muscles. 

 

 

 

 

 

 Figure 2: view from above showing the vocal fold abductors 2 

 

 

Table 1: function of laryngeal muscles 2 

FUNCTION OF LARYNGEAL MUSCLES IN VOCAL FOLD ADJUSTMENTS 

 Cricothyroid Vocalis Lateral 
cricoarytenoid 

Interarytenoid Posterior 
cricoarytenoid 

Position Paramedian Adduct Adduct Adduct Abduct 

Level Lower Lower Lower - Elevate 

Length Elongate Shorten Elongate Shorten Elongate 

Thickness Thin Thicken Thin Thicken Thin 

edge Sharpen Round Sharpen - Round 

Muscle(body) Stiffen Stiffen Stiffen Slacken Stiffen 

Muscle(cover 
and transition) 

Stiffen Slacken stiffen Slacken stiffen 
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Nerve Supply of Muscles: The cricothyroid muscle is supplied by the external 

laryngeal nerve which is a branch of the superior laryngeal nerve. Other intrinsic 

muscles are supplied by the recurrent laryngeal nerve. 

 

LIGAMENTS AND MEMBRANES OF LARYNX: 

EXTRINSIC LIGAMENTS: 

These connect the larynx to the hyoid bone above and trachea below.   The 

thyrohyoid membrane stretches between the upper border of thyroid cartilage and 

the posterior surface of the body and greater cornua of the hyoid. The membrane is 

consists of fibro elastic tissue. It is reinforced by fibrous tissue in the midline 

which forms the median thyrohyoid ligament and posteriorly forms the lateral 

thyrohyoid ligament. Cartilage triticea is small nodule of cartilage present in the 

ligament. The internal branch of the superior laryngeal nerve and the superior 

laryngeal vessels pierce the membrane. The lower border of the cricoid is 

connected to the first tracheal ring by the cricotracheal membrane. 
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INTRINSIC LIGAMENTS: 

These connects the laryngeal cartilages together. The laryngeal ventricle divides 

the fibro elastic membrane into an upper and lower part. The quadrilateral 

membrane extends between the lateral border of the epiglottis and the arytenoid 

cartilages. The upper margin forms the aryepiglottic fold and the lower margin is 

thickened to form the vestibular ligament underlying the vestibular fold .The lower 

part is thicker contains elastic fibres. It is known as the cricovocal ligament, 

cricothyroid ligament or conus elasticus. 

THE GLOTTIS: 

The glottis is divided into two areas by the line that runs between the tips of the 

two vocal processes which divides it into anterior glottis and posterior glottis. The 

anterior glottis includes the vocal folds, while the posterior glottis includes 

cartilaginous structures. These two regions are different both structurally and 

functionally. The anterior glottis is  the intermembranous portion where vocal fold 

vibration occurs and voice  produced. The posterior glottis is the intercartilaginous 

part, which  plays main role in respiration. The ratio of the length of the anterior 

glottis to that of the posterior glottis is approximately 1:1 in newborns becomes 2:3 

in adults. Clinically more attention is usually given to the anterior glottis, because 

most lesions that cause dysphonia occur in  anterior glottis .Laryngeal ventricle is a 
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horizontal slit opens into an elongated recess. Fibrous tissue surrounds the saccule. 

It occasionally protrudes through the thyrohyoid membrane. It ascends between the 

vestibular ligament and the inner surface of the thyroid cartilage as high in some 

people as the upper border of the thyroid cartilage. 

False vocal cord: 

The vestibular folds are two thick folds of mucous membrane encloses a narrow 

band of fibrous tissue, the vestibular ligament. Anteriorly it is attached at the angle 

of the thyroid cartilage just below the attachment of the epiglottis. Posteriorly 

attached to the anterolateral surface of the arytenoid cartilage just above the vocal 

process. 

True vocal cord:                                                                                                                  

The vocal folds extend from the middle of the angle of the thyroid cartilage to the 

vocal process of the arytenoid cartilages. The vocal cord has unique vibratory 

properties. It is layered structure consists of 

 Superficial layer of non-keratinizing, stratified squamous epithelium. 

  The lamina propria. This has three distinct layers 

 The superficial layer consists of sparse fibrous tissue and abundant 

amorphous substances, hence it is more pliable when compared to 

other layers. This layer is called Reinke’s space. It is a main site 
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where mucosal vibration occurs in phonation. Most benign and 

malignant pathologies affect this layer, results in voice problems. 

 The intermediate layer mainly contains elastic fibers. 

 The deep layer mainly consists of collagenous fibers. Intermediate 

and deep layer together forms the vocal ligament. 

The vocalis muscle, which forms the main body of the vocal fold, lies 

lateral and deep.  

Adjacent to mass of collagen fibres of deep layer just posteriorly, there is another 

mass of elastic fibres continuous with the intermediate layer of the lamina propria 

called the anterior macula flava. A similar structure is seen at the posterior end of 

the membranous part of the vocal fold. These structures appear to serve as 

cushions to protect the ends of the vocal folds from mechanical damage caused by 

vocal fold vibration.  

The layered structure of the vocal fold is not uniform in its entire length. At the 

anterior end of the vocal fold there is a mass of collagen fibres which are 

connected to the inner perichondrium of the thyroid cartilage .The anterior three-

fifths of the vocal cord is called the intermembranous part of the cord. The 

remaining two-fifths posteriorly are between the vocal processes of the arytenoid 

and are called the intercartilaginous portion. 
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Table -2: showing layered scheme of vocal cord. 

 

 

 

 

 

 

 

Figure-3: showing layered structure of vocal fold.2 
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Figure-4: histopathological picture showing layered structure of vocal cord 2 

COVER BODY THEORY: 

The cover consists of the epithelium and the superficial layer of the lamina propria. 

The body consists of the vocalis muscle.  The intermediate and the deep layers of 

the lamina propria are referred to as the transition the average thickness of the 

lamina propria layer of vocal fold in adults is only 1 mm. 

The muscle consists of contractile element that forms a firm scaffold, while the 

vocal ligament provides appropriate stiffness and elasticity on to which the pliable 

superficial layer moves. Stiffness decreases from the muscle layer to the superficial 

layer of the lamina propria, the pliability of the vocal cord increases gradually from 
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muscle layer to superficial layer. This property is ideal for the vibratory function of 

the vocal fold. 

BASEMENT MEMBRANE ZONE: 

It forms the boundary between the epithelial layer and the superficial layer of the 

lamina propria. This zone is directly affected in phono trauma and any injuries to 

the vocal fold. The basement membrane contains mainly of laminin and type IV 

collagen.  Type VII collagen connects the basement membrane with the superficial 

layer of lamina propria. These are known as anchoring fibers. Type III collagen 

fibers called reticular fibers also found in superficial layer. The reticular fibers are 

thin fibrils which contributes to the architecture of the superficial layer. The 

collagen network consisting of collagen types IV, VII, and III is important for the 

formation of cover. In vocal fold nodules there occurs deposition of fibronectin in 

basement membrane. Fibronectin is the proteoglycans in superficial layer acts as 

an adhesion molecule. This affects the vocal fold vibration. 
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Figure- 5: showing basement membrane structure.2 

 

Extracellular matrix in vocal fold: 

The superficial layer is the most important site of wound healing. The tissue  

properties are defined by deposition of extracellular matrix. It has variety of 

interstitial proteins and glycosaminoglycans. The one important molecule is 

hyaluronic acid. It is abundant in the superficial layer and determines the 

viscoelasticity of the vocal mucosa. Fibronectin is another important molecule.it is 

an adhesion molecule. It has binding sites for fibrin, collagen, and proteoglycans. 

Its functions is to contribute to intercellular adhesion, cell-extracellular matrix 
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adhesion, cell migration and differentiation. It participates in wound healing. 

Deposited excessively in scar tissue. 

Decorin is mainly present in the superficial lamina propria. This regulates collagen 

fibrils by binding to collagen .It alters the kinetics of fibril formation. It reduces 

collagen formation. It prevents scar formation.  

 Biglycan is mainly present in the deep layer of the lamina propria and is less in the 

superficial lamina propria. It has opposing effects to decorin. Its presence is 

associated with a decrease in decorin. It is deposited excessively in hypertrophic 

scars. 

Fibromodulin is found in the intermediate and deep layer of lamina propria. It is 

structurally similar to decorin.  But not associated with the same effects. It is 

closely related to tendons and ligaments.It regulates collagen fibrillogenesis.it 

maintains the tensile strength of tissues.  

DEVELOPMENT OF THE VOCAL FOLD MUCOSA: 

The vocal fold in newborn infant is different from that of an adult both in terms of 

size and structure.  The lamina propria of the neonate is thicker in relative to 

length. The lamina propria is loose .it does not contain the vocal ligament. Hence 

the layered structure is not seen in newborn.  Immature macula flava is present. 

The macula flava consists of fibroblasts, collagen and elastic fibers. The fibroblasts 
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are abundant. But the fibers are fewer than adults. In infancy fibroblasts increase in 

the macula flava. An immature ligament structure is seen between 1 and 4 years of 

age. The intermediate and deep layers differentiation begins between the age of 6 

and 12 years. The vocal ligament is distinctly formed after puberty. The layered 

structure is completely formed around the end of adolescent age. The length of the 

vocal cord elongates with age and reaches plateau around puberty. But the 

thickness of mucosa is decrease with age. 

 

AGING OF THE VOCAL FOLD MUCOSA:  

Superficial lamina propria becomes thinner and atrophic. It is prominent in males. 

In females predominantly shows edematous change in SLP. The intermediate layer 

becomes thinner with decreased and disorganized elastic fibers.  The deep layer 

becomes thicker with an increase in collagenous fibers. These changes are more 

prominent in males. Collagenous fibers with age becomes disorganized and form 

thick bundles hence leading to fibrosis of the mucosa. Hyaluronic acid decrease in 

all layers of the lamina propria with age. 
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VOICE PRODUCTION: 

Voice is produced by vibrating vocal folds which converts the steady airflow by 

the lungs into a sequence of airflow pulses. The acoustic pressure waveform (i.e.  

the primary sound) resulting from this sequence of flow pulses which excites the 

vocal tract, filters them acoustically and the result is radiated from the mouth and 

nose.  Three basic physiologic layers for generation and modification of sound are 

the respiratory system, the larynx, and the vocal tract. 

 

 

Figure-6: pictorial representation of production of voice and modification2 
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DIMENSIONS OF VOICE PERCEPTION: 2 

The perceptual characteristics of sounds are described with three primary attributes 

– pitch, loudness and quality. However sounds including speech and music change 

over time. Hence a fourth dimension ,duration included. 

Objective voice measurements: 

Indirect measurements 

1. Acoustic analysis - Vocal fold source + resonance/ wave motion 

2. Aerodynamic analysis -Respiratory system/air motion 

3. Electroglottography -Vocal fold contact/tissue motion 

Direct measurements 

1. Stroboscopy -Vocal fold oscillations/tissue motion 

2. High-speed laryngeal imaging-Vocal fold oscillations/tissue motion 

3. Videokymography-Vocal fold oscillations/tissue motion 
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INDIRECT MEASUREMENTS: 

Acoustic Analysis: 

Acoustic measurements of voice are the most widely studied of all voice 

measurements. With development in recent years of digital technology there are 

numerous cost effective hardware and software packages for objective analysis of a 

significant amount of data. It involves measurements of the radiated sound 

pressure spectrum of speech to generate specific parameters. 

Fundamental Frequency: 

Fundamental frequency (F0) is the rate at which the vocal folds open and close and 

is expressed in Hertz (Hz). F0 is the lowest frequency of the periodic component of 

the vocal fold vibrations .It is the primary factor in the perception of pitch of the 

sound. It is modulated by changes in length, tension, and mass of the vocal folds. 

Mean F0 is the basic F0 measure.It is measured during sustained phonation of a 

vowel for minimum of 4 seconds. Other fundamental frequency measurements are 

average speaking frequency, habitual speaking inflection range, and maximum 

frequency range of phonation. It varies with age, gender, loudness, and speech task 

and effort level. The average speaking frequency ranges from 

 80 to 140 Hz for adult males 

 190–230 Hz for adult females  
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 280–365 Hz for children 

Intensity: 

 Intensity is a physical correlate of loudness. It is primarily determined by the 

subglottal pressure, amplitude of vibration and duration of closed phase of glottal 

cycle. It is measured in decibels (dB). Increased intensity is seen in individuals 

with vocal phonotraumatic behavior and also in individuals with hearing loss. 

Reduced voice intensity occurs in individuals with reduced breath support and 

incomplete glottal closure as seen in age-related changes like presbyphonia. Mean 

intensity ranges from 75 to 80 Db. 

 

Perturbation Measures: 

Refers to cycle-to-cycle changes of period and amplitude measured during 

phonation. It is measured during sustained phonation of an open vowel. Two types 

of perturbation measures are used commonly to characterize aperiodicity in the 

pitch and loudness of voice.  

 

 Jitter - cycle-to-cycle variability in the frequency  

 Shimmer - cycle-to-cycle variability in the amplitude. 
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The most commonly used jitter measurement is jitter percentage / jitter in 

milliseconds. The most commonly used shimmer measurement is shimmer 

percentage / shimmer in db.  

Spectral-based Measures: 

One measure that objectively quantify the degree of hoarseness is the harmonic-to-

noise ratio also known as signal-to-noise ratio. It is a measure of energy in the 

frequencies of the vocal fold vibrations and the noise energy. Expressed in 

percentage or decibels. 

 

 

Voice Range Profile: 

The voice range profile also known as phonetogram is a method to quantify the 

entire range of frequencies and intensities an individual can produce. It combines 

the phonational and the dynamical range into visual representation. In routine 

practice it more time consuming and laborious to do hence modified protocol has 

been devised. 
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THE GLOTTAL CYCLE: 

Examination of vibratory characteristics of the glottal cycle is the important 

application of stroboscopy. All phonation have a beginning, middle, and end. The 

onset is brought about by the approximation of both vocal folds into adduction and 

the effect of expiratory airflow. Before the full closure of vocal folds, there is 

oscillation. There is variability of duration of onset before full-steady oscillation. 

After the onset of oscillation, there is a quasiperiodic vocal fold oscillation. This 

area is the most studied part using stroboscopy. After the completion of the 

phonatory token the vocal cords take a number of cycles before the complete 

cessation of vibration. This is termed as the offset of vocal fold oscillation. The 

visual study of the onset and the offset of vocal fold vibration only be studied using 

kymography or using high-speed video methods. 

One cycle of the Vocal fold vibration is divided into three phases: 

• Opening phase: The vocal fold is blown upward on the whole by the increasing 

subglottic pressure and the undulating wave moves on the membranous cord from 

the lower part to the upper part. A puff of air is released as the Vocal cords are 

separated. 
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• Closing phase: After the width of the glottis reaches a maximum, elastic recoil 

and aerodynamic forces draw the vocal folds toward the midline and the glottis 

begins to be closed by the protruding lower lip. 

• Closed phase: The upper lip moves inward and the closure of the glottis becomes 

firm. The folds remain approximated for a brief portion of the cycle. Subglottic 

pressure builds up again and the next cycle begins. 

 The open phase and the closed phase are roughly equal, but open phase is bit 

longer in many subjects than closed phase. There is also vibratory symmetry 

between the vocal folds with every movement of the vocal folds being mirror 

image of the contralateral side.  A slope or speed index is defined as the rate of 

excursion of the vocal fold for the open phase and closed phase. The velocity of 

vocal fold opening and closing should be smooth without any hesitation. Each 

vocal cord will deform and will lateralize to a defined glottal area and it will 

rebound back to the closed phase. 

When the observing the vocal folds from the top to  down, the vocal folds oscillate 

in phase from  lateral to medial plane as well as in anterior to posterior plane with 

the maximum of amplitude at the mid membranous portion of the vocal cord. 

When viewed from superior surface there is the propagation of linear line that 

moves across the length of the vocal cord as the cord opens. This linear line has 
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elliptical appearance of a traveling wave. This wave is generated from below the 

rounded surface of vocal fold and   propagated across the superior surface of the 

vocal cord at the same time as the vocal fold is opens. 

The mucosal wave is from the deformation of the soft fluid like layer of the cover 

of the vocal cord. The mucosal wave propagation is the property of the cover of the 

vocal cord while the amplitude of vibration is derived from the body of the vocal 

cord. Mucosal wave propagation is an important indicator of pliability of 

superficial layer of the lamina propria. 

STROBOSCOPIC EXAMINATION: 

Stroboscopic examination of vocal fold vibratory function during phonation 

continues to play an important role in diagnostic, therapeutic and surgical decisions 

during the management and treatment of voice disorders. Although many newer 

laryngeal imaging technology had been recently developed such as high-speed 

video endoscopy (HSV), MRI, and optical coherence tomography which enhance 

our ability to better define and quantify the complex phonatory mechanisms. but  

the video stroboscopic assessment serve to maintain its predominant clinical role in 

laryngeal imaging because of its cost effectiveness, ease of use  and synchronized 

audio and visual feedback . 
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Talbot’s law: The observation in which microseconds of flashing light shining on 

an oscillating moving object can freeze the motion. It is based on the physiological 

persistence of vision lasts 0.2 seconds after exposure. When flashes of light are 

presented to retina at same rate as the oscillating object it will have the appearance 

of freezing the object. When the rate of flash is increased to one cycle greater than 

the frequency of the vibrating object the retina will assemble successive images 

from the multiple cycles of vibration into one slow moving image. 

It is an optical illusion of apparent motion from series of images presented in rapid 

succession. If the flashes of light are exactly equal to and in phase with the vocal 

fold vibratory cycles the folds will appear motionless. If the flashes of light are 

triggered after the onset of the vibratory cycle by a fixed time interval, the adjacent 

phases of several vibratory cycles will be illuminated successively. 

The three common registers used while speaking voice are the falsetto, modal 

voice and vocal fry. In the singer a fourth register is described as flute register 

 

Modal register: 

The normal vocal folds will vibrate in different patterns. The common pattern of 

vocal fold vibration is in modal register. The modal register is the voice that is 

most typically at comfortable pitch and loudness. In Modal voice vibration shows 
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most relaxed vocal fold approximation with greatest oscillation in excursion of the 

vocal cord. The glottal cycle during shows distinct open and closed phase. The 

ratio of open phase to closed phase in males is about a 50:50 and in women 60:40. 

The frequency for the production of the modal voice in the male is 110 Hz, for the 

female, it is 220 Hz. The subglottic pressure used to drive the cord is lowest at 

modal phonation. There is a separation of body from the cover layer as mucosal 

wave propagates from below. This is the phase difference between the upper and 

lower lip which is best seen in modal voice  

Falsetto register: 

Falsetto voice is produced with long thin vocal cords. Also known as loft register 

or head register. The vocal cords are long and tense. They oscillate with low 

amplitude. The open and closed phase is sinusoidal. The sinusoid pattern resulting 

in short vocal fold contact and it may not touch at all. The tension and the stiffness 

of the cords are greater than in modal phonation. In falsetto voice the mucosal 

wave propagation is small. There is no phase difference between upper and lower 

lip of the vocal cords.  

Vocal fry: 

Also known as pulse register .The acoustic quality is perceived as individual pulses 

of sound. It is produced by excessive approximation of the vocal cords. The 
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compression of the vocal cords against each other does not easily permit airflow 

across the vocal cords. Increased subglottic pressure will be needed to drive 

individual pulses fair through the glottis. Here there is anterior to posterior 

shortening of the vocal cords producing short thick vocal folds. The thyroarytenoid 

muscle is contracted highly with little input from cricothyroid muscle.  

Stroboscopic features: 

• Amplitude of Vibration-lateral distance of movement from the midline of each 

vocal cord rated individually. 

• Mucosal Wave -extent of wave propagation across the superior surface of each fold 

rated individually. 

• Symmetry-opening and closing of each fold mirrors the other. 

• Periodicity-regularity of successive vibrations. 

• Glottic Closure. 

Amplitude of vibration: 

It is the extent of movement of the muscular body of the vocal fold in the 

horizontal plane.  In normal habitual phonatory conditions the extent of the 

horizontal excursion of the VF approximates one half the width of the visible part 

of the Vocal fold. 
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The amplitude of vibration: 

- Decreases with raising the pitch of phonation. 

- Increases with increasing the loudness of phonation. 

The four point rating scale for the amplitude of vibration: 

0 =No observable horizontal excursions. 

1 = Diminished amplitude of Vibration. 

2 =Normal amplitude of Vibration. 

3 = Greater amplitude of Vibration. 

The amplitude of vibrations affected by vocal cord stiffness and subglottal 

pressure.  

Pathological conditions leading to decreased amplitude of vibration: 

- Increased vocal cord stiffness e.g. Sulcus Vocalis 

- Tight glottic closure patterns e.g. hyper functional dysphonia. 

Mucosal wave: 

Is the wave motion of the mucosal cover traveling along both the vertical and 

horizontal planes of the vocal fold. 
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• In normal phonatory conditions the mucosal wave travels across the vertical 

plane of the vocal fold then rolls laterally across at least 50% of the width of 

visible part of the vocal fold. 

• It is affected by the pliability of the covering mucosa and the presence of the 

natural difference in the mechanical properties between the pliable mucosal cover 

and stiffer muscular core. 

Normally the mucosal wave: 

- Decreases with raising the pitch of phonation. 

- Increases with increasing the loudness of phonation. 

 

The four point grading scale for the mucosal wave: 

 0 =No observable traveling wave 

1 = Restricted mucosal wave 

2 =Normal mucosal wave 

3 = Greater mucosal wave in which the traveling wave moves from the 

glottal margin to the most lateral portion of the vocal fold. 

Pathological conditions leading to decreased mucosal waves: 

- Increased stiffness of the vocal cord due to: 
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 Structural changes in the mucosa (cover) .e.g.: polypoid 

degeneration, sulcus vocalis, vocal cord dysplasia 

 Increased muscle tension (body) leading to tight glottic 

closure patterns .eg:hyperfunctional dysphonia 

- Decreased muscle tension (body) leading to weak glottic 

closure patterns e.g.: hypofunctional dysphonia  

 Pathological conditions leading to loss of mucosal wave as in: 

- Any infiltrative process that fixes the mobile mucosa to the deeper 

structure. 

- Recurrent laryngeal nerve paralysis lesions where vocalis muscle 

loses its natural tone and the vocal cord body becomes as flaccid as 

the covering mucosa. 

Pathological conditions leading to increased mucosal wave are usually associated 

with:       - increased subglottic pressure as in Reinke's edema 

SYMMETRY: 

 The degree to which the vocal cords provide mirror images to one another during 

vibration both in Timing (phase) and in the Extent of the horizontal excursion 

(amplitude). 
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 In all normal phonatory conditions whether habitual or extremes of pitch/loudness: 

- The timing of both vocal cords opening and closing patterns is equal. 

- The extent of the horizontal excursion of both vocal cords are equal. 

 

 

 

 

 

 

 

 

Figure-7: Graphical representation of different patterns of symmetry 

 

• Graph A displays the normal amplitude and timing patterns of both vocal cord. 

The upper graph represents the right vocal fold movement during the opening, 

closing and closed phase of the glottal cycle. The lower graph represents the left 
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vocal fold movement during the opening, closing and closed phases of the same 

glottic cycle. 

• Graph B displays asymmetry in amplitude where the range of the left vocal fold 

excursion is less than that of the right vocal fold.  

• Graph C displays asymmetry in phase where the right vocal fold is closing while 

the left vocal fold is opening. 

• Graph D displays asymmetry both in phase and amplitude. 

 Asymmetry in phase or amplitude between both vocal cords is caused by induced 

differences in the mechanical properties between both vocal folds as in: 

- Laryngeal lesions affecting mass, tension or shape of vocal fold. 

- Neurological lesions affecting neuromuscular control of vocal fold.  

- Functional conditions affecting laryngeal muscle tension. 

 

 

PERIODICITY: 

Is the degree of regularity of successive apparent glottal cycles during vibration. 

Aperiodicity between successive glottal cycles can be either in amplitude or in 
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timing or in both. In all normal phonatory conditions with periodic successive 

glottal cycles this will lead to repeated illumination of the same phase of the glottal 

cycle resulting in a clear static laryngeal image at that certain phase of the cycle. In 

cases with irregular successive glottal cycles the flashes will not coincide with the 

same phase of the glottal cycle. This will result in a hazy shivering laryngeal 

image. 

 

 

 

 

 

 

 

Figure-8: graphical representation different patterns of periodicity. 

 

 Graph A displays the glottal waveform of normal periodic vibrations where 

successive glottal cycles are uniform in amplitude and timing. 
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 Graph B displays aperiodicity in timing between successive glottal cycles. 

 Graph C displays aperiodicity in amplitude between successive glottal 

cycles. 

 Graph D displays total aperiodicity in timing and Amplitude. 

Aperiodicity is caused by disturbance in the balance between the mechanical 

properties of the vocal cords and the applied aerodynamic forces. This may be due 

to: 

-  Inadequate expiatory air during phonation. 

-  Disrupted laryngeal muscle tension. 

-  Imbalance of neuromuscular control of the larynx. 

-  Disturbed mechanical properties of the VFs. 

GLOTTIC CLOSURE: 

Phase of glottic closure: 

Is the average timing of the closed phase in relation to the whole glottic cycle. 

• In normal habitual phonatory conditions the timing of the opening phase, closing 

phase and closed phase are nearly identical. 

• The opening phase predominates with raising the pitch of phonation and with 

decreasing the loudness of phonation. 
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• On the other hand, the closed phase predominates with raising the loudness of 

phonation. 

 

 

 

 

 

 

 

Figure -9: shows phases of glottic closure 

 

GLOTTIC CLOSURE PATTERN: 

This is the shape of the glottis at maximum closure under stroboscopic light. 

• In normal habitual phonation there is complete closure along the vocal fold edges 

in males and closure along the vibrating edges with a small triangular posterior 

chink in females. 
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• Abnormal closure patterns may be seen associated with different pathological 

conditions such as:- 

• The hour-glass shape phonatory gap that may be seen with vocal fold 

nodules. 

• The slit shape phonatory gap that may be seen in in patients with 

hyperfunctional dysphonia. 

• The oval shape phonatory gap that may be seen in patients with 

hypofunctional dysphonia. 

• Irregular phonatory gap as in cancer larynx. 

• No closure as in bilateral vocal cord paralysis. 

NON VIBRATING SEGMENTS OF VOCAL CORD: 

Describes the site, extent and persistence of adynamic segments of the vocal folds 

during vibration. 

 This may be due to:- 

- Laryngeal Scaring. 

- Dysplastic Patches. 

- Mucosal Fixation. 
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Gender differences seen on stroboscopy: 

• Females have less massive folds with smaller amplitude and wave 

• Males have larger and thicker vocal folds 

• Larger amplitude and wave at modal voice in males 

• Females have greater open phase 

• Females more sinusoidal in oscillation pattern 

• Females have a greater incidence of posterior chink  

• Females have greater velocity and acceleration of the vocal folds 

 

Effects of increased amplitude of sound at the same fundamental frequency on the 

glottal cycle: 

• Shorter vocal fold length 

• Shorter open phase 

• Greater amplitude 

• Greater mucosal wave 

• Greater velocity of opening and closing 

• Greater acceleration of vocal fold movement 

• Increased amplitude 

• Longer closed phase 
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• Bigger mucosal wave propagation 

• Greater phase difference between the upper and lower lip 

Effect of increasing frequency on the glottal cycle 

• More open phase: 50%  to 65% open phase 

• Move to thinner vocal fold 

• Sinusoidal vibratory pattern 

• Greater velocity and acceleration 

• Increase frequency 

• Less amplitude due to increased tension on the vocal folds 

• Thinner vocal fold with less two mass model of upper vs lower lip 

oscillation 

• Mucosal wave is less distinct 

 

 

VOCAL FOLD LESIONS: 

EPITHELIAL LESIONS: 

Lesions arising from the epithelium of the vocal cord are keratosis, malignancy, 

papillomatosis or infections. 
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Keratosis 

Keratotic lesions can be grouped into two leukoplakia and erythroplakia based on 

their white and red appearances respectively. These are white/ red patch or plaque 

with irregular edges without ulceration. When instrumented or suctioned it will be 

tightly adherent to the vocal cord and will not get scraped off. It is usually due to 

chronic inflammation from voice abuse or irritants like smoke inhalation, 

laryngopharyngeal reflux. 

 

 

 

 

 

Figure-10: stroboscopic image of left vocal fold keratosis 
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Lesions of lamina propria: 

Midmembranous Vocal Fold Lesions 

Repeated trauma to the vocal cord cause injury to lamina propria. Lesions are 

present mostly at midway point of the membranous vocal cords. This area 

corresponds to point of maximal collision or impact force. This classification 

scheme defines nine distinct midmembranous vocal fold lesions:  

o vocal fold nodules, 

o vocal fold polyp,  

o vocal fold cyst-sub epithelial;  

o vocal fold cyst-ligament,  

o fibrous mass-sub epithelial, 

o fibrous mass-ligament, 

o reactive vocal fold lesion, 

o nonspecific vocal fold lesion, and 

o pseudocyst 
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-Vocal fold nodules are almost bilateral but it need not be equal in size.  In 

stroboscopic examination these lesions does not result in substantive mucosal wave 

abnormalities. Vocal cord nodules respond favorably to voice therapy and reduced 

vocal demands. 

 

 

 

 

 

Figure- 11: stroboscopic image of right vocal cord nodule 

 

-Vocal fold polyp is an exophytic mass often appears translucent. Sometimes 

trauma can induce vessel rupture transforming it into hemorrhagic polyp. The 

mucosa over the polyp is thin and atrophic contains gelatinous substance within the 

sub epithelial space. It can be sessile or pedunculated. A vocal cord polyp will 

often be unilateral.  It can be treated with voice therapy but often requires surgical 

intervention.  



54 
 

 

 

 

 

 

 

Figure- 12: stroboscopic image left hemorrhagic vocal polyp 

-Vocal fold cyst can be sub epithelial, or ligamentous. It is an encapsulated lesion 

that is present in the sub epithelial space or adjacent to the vocal ligament. The 

location that is the depth of the cyst will determine the severity of the changes seen 

on stroboscopic mucosal waveform. They are usually unilateral and it is not likely 

to respond to voice therapy treatments.  More often occurs in women. And may 

vary in size with menstrual cycle in some patients. They are two types: 

 Mucous retention cysts Occurs when glandular duct becomes obstructed and 

retains secretions. 

 Epidermoid cysts result from either minor malformation during 

embryological development or from healing injured mucosa with squamous 

epithelium. A ruptured cyst results in scar. 
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Treatment initially aims at medical management of irritants, improving vocal 

habits and voice behavior modification through speech therapy. But they usually 

do not resolve and often requires surgery.  

 

 

 

 

 

Figure -13: stroboscopic image of right vocal cord cyst 

 

-Fibrous mass, sub epithelial, or ligamentous is an unencapsulated amorphous 

lesion of the vocal fold. Exploratory cordotomy reveals fibrous material often with 

indistinct extensions from a focal midmembranous mass. It is pale gray in color, 

tough in consistency and make it difficult to distinguish from the underlying vocal 

ligament.  There is often prominent vascularity within the lesion. Stroboscopic 

reveals disturbances of the mucosal wave when there is vocal ligament 

involvement.  Surgical therapy is choice of treatment. Voice therapy has limited 

utility. 
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-Reactive vocal fold lesion resulting from repeated vocal fold collisions with the 

contralateral vocal fold lesion. Therefore reactive lesions can only be unilateral and 

it must be associated with a lesion on the opposite fold. There is minimal or no 

change in mucosal wave due to the. The corresponding active lesion show 

evidence of repeated impact with the contralateral vocal fold lesion revealing an 

indented free edge or cup and saucer like appearance. They usually improve with 

treatment of the contralateral lesion and voice therapy. 

-Pseudocyst is a sub epithelial lesion associated with glottal incompetence like 

vocal fold paralysis, paresis, or scar. They are superficial  and sometimes 

intraepithelial. They have a blister-like appearance and are composed of 

unencapsulated semisolid fluid covered by thinned epithelium. Surgical excision of 

these lesions without correcting the underlying pathologic condition will lead to 

high rates of recurrence. 

SULCUS VOCALIS: 

Sulcus vocalis is a groove in the surface of the membranous portion of the vocal 

fold, usually extending throughout its length .It is usually bilateral. The epithelium 

invaginates through the superficial layer of the lamina propria and adheres to the 

vocal ligament. Resulting in a groove running longitudinally along the vocal fold. 

The apparent groove is actually a sac lined with stratified squamous epithelium and 
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hyperkeratosis in common near the deepest aspects of the sac or pocket. Some 

believe this as an open epidermal cyst. Stiffness is increased. Surgical treatment is 

now good enough. 

 

VASCULAR LESIONS: 

These can be visually subdivided into ectasia, telangiectasia, or varix. Varices 

characterized by enlarged veins or tortuous vessels whereas ectasias appear like 

coalescent hemangiomas. Telangiectasia can resemble a fine network of blood 

vessels. Surgical management of these lesions is necessary only when the patient 

has history of vocal fold hemorrhage or the lesion causes voice disturbances. 

 

REINKE’S EDEMA: 

Reinke’s edema causes diffuse deposition or accumulation of gelatinous material 

in the sub epithelial layer of the entire vocal fold .Patients often have the triad of 

chronic tobacco use, laryngopharyngeal reflux, and voice abuse. Usually appears 

bilaterally but can appear in one vocal fold. Patients presents with decreased pitch, 

hoarseness and harshness due to increased bulk and floppiness of the vocal fold. 

Primarily treat the underlying causative factors along with surgical management. 
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MISCELLANEOUS LESIONS: 

-Laryngeal Granuloma usually arise as a result of trauma to vocal process of the 

arytenoid causing local inflammation reaction perichondritis of arytenoid. Lesions 

can be associated with ulcerations or exophytic masses .Granulomas can be 

subdivided as intubation-related and nonintubation-related masses. Most lesions 

will resolve with conservative management, some require surgical management. 

Another variant of granuloma is operative site vocal fold granuloma, represent an 

aggressive healing response.  

 

PUBERPHONIA: 

Also known as mutational falsetto. It is the failure of voice to thicken at puberty 

when an adolescent continues to speak in prepubescent high pitched female voice. 

Usually seen in emotionally insecure boys. Pressing the thyroid cartilage upwards 

and backwards slacken the tension of vocal cords and improve the voice, this is 

gutzmann‘s pressure test which is diagnostic. Treatment is voice therapy initially. 

If not responding type III thyroplasty is done. 
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SPASMODIC DYSPHONIA: 

It is a neurological condition primarily affecting movements of vocal cords during 

phonation. There is inappropriate laryngeal muscle contractions instead of smooth 

movement, making the voice jittery. There are two types: adductor and abductor 

spasmodic dysphonia. Adductor type is common, here the voice is jittery, strained 

and strangled. In abductor type the voice is breathy and whispery. Treatment of 

choice is botulinum injection into affected laryngeal muscles. . This is given into 

cricoarytenoid muscle in adductor type and into posterior cricoarytenoid in 

abductor type. This has to be repeated at regular intervals as the effect wanes over 

time. 

 

MUSCLE TENSION DYSPHONIA: 

Due to abnormal mechanism of phonation. Patients have voice strain, tiring voice, 

and voice breaks. Also known as phonesthenia. Divide into four types 

Type 1: phonatory gap more in posterior part-key hole glottis 

Type 2: approximation of ventricular bands-dysphonia plica ventricularis 

Type 3: partial anteroposterior closure of larynx 

Type 4: complete anteroposterior closure. Treatment is mainly speech therapy. 
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VOCAL CORD PALSY: 

Unilateral vocal cord palsy causes are trauma (surgical/nonsurgical), malignancies 

(lung, esophagus, thyroid), inflammatory (tuberculosis, viral infections, diphtheria, 

typhoid, syphilis) and idiopathic causes. Causes for unilateral vocal cord palsy can 

be sought anywhere from skull base to neck on right side and from skull base to 

superior mediastinum on left side. Symptoms are breathy voice and mild 

aspiration. Laryngeal electromyography is both diagnostic and prognostic. Wait for 

spontaneous recovery for atleast 6 months. Speech therapy may be initiated. If 

there is no recovery or compensation patient should undergo surgical management. 

Choice of surgery is type I thyroplasty. Other options are injection laryngoplasty or 

nerve muscle transfer. 

Bilateral vocal cord palsy commonest cause is following thyroid surgery, other 

causes are road traffic accident, idiopathic, viral neuritis, cut throat injury, 

malignancies of thyroid and esophagus. They present with dyspnea, stridor, and 

obstructive sleep apnea. Voice is usually normal. Primary line of management is 

securing the airway. Now the treatment of choice is kashima operation. Others 

include arytenoidectomy, cordectomy, and endoscopic lateralization. 
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MATERIALS AND METHODS: 

STUDY DESIGN: 

A prospective cohort study of 50 patients with vocal cord lesions were included in 

the study. 

SETTINGS: 

Department of ENT and Head and Neck Surgery, Government Stanley Medical 

College and Hospital, Chennai   

  

INCLUSION CRITERIA: 

• Patients with vocal cord lesion 

• Age 12 – 60 years. 

    EXCLUSION CRITERIA: 

• Age less than 12 years and more than 60 years 

• Patient with malignant looking lesion on endoscopy. 

• Patient with medical illness like chronic obstructive pulmonary disease, 

coronary artery disease. 
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• pregnancy 

• Inability of patients to return for follow up at six weeks. 

METHODOLOGY: 

• Patients with a clinical diagnosis of a vocal cord lesion including benign 

lesion, inflammatory lesions, neuromuscular lesions other miscellaneous 

conditions were enrolled in the study. 

• Each patient underwent three procedures namely videostroboscopy, voice 

analysis and voice handicap index questionnaire after procuring the 

consent from them preoperatively. 

• All the operated patients were reviewed at 6 weeks after surgery. The 

three tests Stroboscopy, Voice analysis, Voice handicap index 

questionnaire again conducted on review. 

•  The results were compared. 

Patient selection: 

50 patients were selected according to the inclusion and exclusion criteria, detailed 

clinical history taken and clinical examination was done. Informed written consent 

was obtained for the procedure studied for  period of 10 months fromjuly 2016 to 

april 2017. 
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Study procedure: 

Pre-operative analysis: 

Videostroboscopy:  

Used for dynamic assessment of vocal folds. Stroboscopy is a procedure 

allows laryngeal examination using a 70 degree Hopkins telescope. Routine 

rigid video laryngoscopy examination was performed for all patients before 

stroboscopy examination. Informed written consent was obtained from the 

patient after explaining the procedure to the patient. 10 % lignocaine spray 

was used to anesthetize the larynx. After waiting for about 5 minutes the 

telescope was introduced into the oropharynx to visualize the glottis. The 

patient was asked to phonate long “eee” to see the cords in motion. While 

the patient was phonating the stroboscopy pedal was pressed so as to 

produce pulsed light in accordance to the patient’s fundamental frequency. 

 Karl storz stroboscope was used in the study .The output picture and sound 

was captured into a computer monitor using a capture card without 

compression and analyzed later. 
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Figure 14: showing the components of stroboscopic unit . 
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The following parameters were analyzed using stroboscopy: 

1. Symmetry 

2. Mucosal wave 

3. Glottis closure 

4. Periodicity 

 Voice analysis:  

              Voice analysis was performed on PHONOLAB software version 03.02.08 

ECLERIS. Each patient underwent voice analysis in a sound proof room. The 

voice recorded using a low impedance commercial microphone. Patients were 

asked to phonate vowels like ’a’,’e’,’i’ in their low and comfortable voices. Each 

of these vowel sounds were voiced for at least of 15 to 20 seconds for low and 

comfortable intensity. Speech is recorded in intensity comfortable for the patient. 

Speech sound was recorded by asking the patient to count numbers slowly and 

clearly. Good quality continuous signal was selected and used for analysis. The 

recorded voices are stored in computer for analysis.   PHONOLAB is an open 

source freeware developed for scientific analysis of the sound signals recorded in 

wav format. This is a free software available in internet. This is an open source 

code means that the program can be altered to fit to individual necessity. 
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Figure 15: showing components of phonolab ecleris 

 

The parameters observed on voice analysis were 

1. Fundamental frequency  

2. Jitter  
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3. Shimmer  

4. Harmonics to noise ratio  

5. maximum phonation time 

VOICE HANDICAP INDEX: 

     Voice handicap questionnaire designed for assessment of patients with voice 

disorders were used in the study. Here the questionnaire developed by Jacobson et 

al was used. All patients administered the questionnaire and the voice handicap 

index was calculated. These are statements that many people have used to describe 

their voices and the effects of their voices on their lives. Patients asked to Circle 

the response that indicates how frequently you have the same experience.  

Score Range             Severity                   Common Association 

0-30                          Mild                         Minimal amount of handicap 

31-60                       Moderate                   Often seen in patients with vocal             

                                                                    nodules, polyps,  or cysts 

60-120                     Severe                         Often seen in patients with vocal fold                                   

                                                                    paralysis or  severe vocal fold scarring. 
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Treatment of vocal cord lesions: 

After undergoing all three procedure patients were subjected to surgical procedures 

according to the diagnosis after obtaining consent from the patient and attender. 

Then anaesthetic fitness was obtained and patient posted for surgery. For vocal 

cord nodule, polyp, cyst, granuloma, keratosis micro laryngeal excision surgery 

were performed. For puberphonia type III thyroplasty done. For sulcus vocalis 

injection laryngoplasty done. Patients was advised strict voice rest was for 2 

weeks. Patients were advised regarding the effective use of voice and dietary 

habits. Patients were asked to review every week regularly for first 2 months.  

Post-operative review: 

At the 6 th week post operatively all the patients underwent the following 

procedure again: 

 Video stroboscopy 

 Voice analysis 

 Voice handicap index 

The methodology used was similar to that used in preoperative analysis and same 

parameters were assessed again. 
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RESULTS AND OBSERVATION: 

The collected data were analysed with IBM.SPSS statistics software 23.0 Version. 

To find the significant difference between the bivariate samples for normal data the 

Paired sample t-test, similarly for skewed data the Wilcoxon signed rank test and 

for the dichotomous data the McNemar test was used. To find the significance in 

categorical data Chi-Square test and the Fisher's exact test was used. 

Demographic characteristics: 

Age distribution: 

In this study of 50 patients, the 44% of patients comes under 3rd decade, 34%      

  

Figure-16: bar diagram showing age distribution 
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patients comes under 2nd decade, 10 % patients comes under 4th decade, 8% in 1st 

decade and 4% in 5th decade. The mean age is 31.06 years. Minimum age in the 

study is 14 years and maximum age is 54 years. 

Gender distribution: 

Out of the 50 patients included in the study, 56% (28 patients) were male and 44% 

(22 patients) were female. 

 

 

 

 

 

Figure - 17: pie diagram gender distribution. 

Geographical distribution: 

Out of the 50 patients, 4 patients were from outside tamilnadu and 46 patients were 

from tamilnadu. Of the 46 patients 38 patients were from Chennai and remaining 8 

patients were from other districts of tamilnadu. 

 

44%
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Gender distribution
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SIDE OF THE LESION: 

Out of the 5 patients, 46 % (23 patients) had right sided lesion, 30 %( 15 patients) 

had left sided lesion and 24% (12 patients) had bilateral lesions. 

 

 

 

 

 

 

 

Figure-18: pie diagram showing distribution of side of lesion in the study. 

POSITION OF THE LESION: 

When the position of lesion was studied, 8 % of patients had lesion involving 

anterior one third of vocal cord, 18% had middle third lesions, 2% had posterior 

third lesion, 16 % had lesion involving the junction of anterior one third and 

middle third, 16 % involved superior surface.                                                                                                                                                                                              
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Figure- 19: pie diagram showing distribution of position of lesion in the study. 

TYPE OF LESION: 

 Out of 50 patients different vocal cord lesions were included in the study.  

  

 

 

 

 

Figure 20: showing distribution of vocal cord lesions enrolled in the study. 
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STROBOSCOPIC PARAMETERS: 

Symmetry: 

Of the 50 patients studied, 88% (44 patients) had asymmetry of the vocal cord 

preoperatively and only 12 %( 6 patients had symmetrical vocal cord 

preoperatively. The patients who had symmetrical vocal cord preoperatively are 

those with puberphonia and sulcus vocalis. Postoperatively 78% (38 patients) had 

symmetry of the cord and 22% (11 patients) did not regain their symmetry at the 6 

th week of follow up. 

 

 

 

 

 

 

Figure - : bar diagram showing comparison of pre op and post op symmetry of 

vocal cord. 
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Periodicity: 

Of the 50 patients studied, preoperatively 94 %(( 47 patients) had lost their 

periodicity of cord, and only 6 %( 3 patients) had periodicity. Post operatively at 6 

th week of follow up 88 %( 44 patients) regained the periodicity of vocal cord and 

12% (6 patients) did not recover. 

 

 

 

 

 

 

 

 

Figure -21: bar diagram showing comparison of pre op and post op periodicity of 

vocal cord. 

The preop and post op symmetry and periodicity compared using chi square test 

and it showed significant difference. 
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Table-3 : showing significant improvement in symmetry and periodicity. 

 

Glottic closure: 

 Of the 50 patients studied, pre operatively 8% had complete closure, 72% 

incomplete closure, 14%irregular closure, 2% hourglass pattern, 2% posterior gap, 

2% spindle gap. Postoperatively at the 6 th week of follow up 96% of patients had 

complete glottic closure and 4% had incomplete glottis closure. 

 S pre op & S 
post op 

P pre op & P 
post op 

N 
 
 
Chi-Square 
 
 
Asymp. Sig 

50 
  
 
31.030 
 
 
 
.0005 

50  
 
 
39.024 
 
 
 
.0005 
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Figure -22 : bar diagram showing comparison of preop and postop glottic closure. 

 

 

 

 

 

 

Table 4 : showing percentage distribution of different glottic pattern pre and post 

operatively 

 Pre op Post op 

Complete 8% 96% 

Incomplete 72% 4% 

Irregular 14%  

Hourglass 2%  

Posterior gap 2%  

Spindle gap 2%  

0%

20%

40%

60%

80%

100%
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Glottic closure
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Table 5: showing statistical evaluation of glottic closure pattern with significant 

value. 

Mucosal wave: 

Right cord mucosal wave and left cord mucosal wave pattern were observed 

separately and results compared. The mucosal wave grading done as follows: 

Greater -1 

Normal -2 

Small -3 

Absent -4 

 Value df Asymp. Sig. 
(2-sided) 

Pearson Chi-
Square 
 
Likelihood Ratio 
 
Linear-by-Linear 
Association 
 

27.679a   
 
 
11.053 
 
 
16.800 

5 
 
 
5 
 
 
1 
 

0.0005 
 
 
0.050 
 
 
0.000 



78 
 

Based on this grading when preoperative and post-operative mucosal waves 

compared separately for each cord. The cord showed predominantly absent or 

small wave, which showed improvement trend towards the normal and greater 

wave postoperatively at 6 th week of follow up. 

 

 

                                                                            

     

 

Figure 23: bar diagram showing comparison of preop and post op right mucosal 

wave. 

 

 

 

 

Figure 24: bar diagram showing comparison of preop and post op left mucosal 

wave. 
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a. RMW post op < RMW pre op    b. RMW post op > RMW pre op 

c. RMW post op = RMW pre op    d. LMW post op < LMW pre op 

e. LMW post op > LMW pre op     f. LMW post op = LMW pre op 

Table 6: showing evaluation of right mucosal wave and left wave using Wilcoxon 

signed rank test. 

 

 

 

 

 

Table 7: showing paired sample statistics for pre op and post op value of both right 

and left mucosal value. 

 
 RMW post op - RMW pre op  Negative Ranks              32a               17.02            544.5 
  

                                                      Positive Ranks                1b                 16.50            16.50 
                     

                                                      Ties                                 17c                                        
  
 

                                                      Total                                50 
 

  LMW post op - LMW pre op   Negative Ranks              21d         11.00            231.00 
 

                                                      Positive Ranks                0e              .00                .00 
 

                                                      Ties                                 29f                                             
 

                                                      Total                                50 
 

                                                           
                                                    Mean             N              Std. Deviation            Std.ErrorMean 
 

Pair 1 RMW pre op                       3.06              50                   .867                        .123 
   
           RMW post op                     2.42              50                   .538                        .076 
 

Pair 2 LMW pre op                        2.82              50                   .873                        .124 
 
          LMW post op                       2.40              50                   .571                        .081 
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Table 8: showing statistically significant result obtained for mucosal wave 

VOICE ACOUSTIC PARAMETERS: 

Fundamental frequency: 

The pre-operative mean fundamental frequency is 150.77.the postoperative 

fundamental frequency showed improvement, the mean was 178.29. 

 

 

 

 

 

Figure 25:  showing comparison of fundamental frequency pre and post 

operatively. 
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-5.333b 
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.0005 .0005 
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Jitter: 

The preoperative mean for jitter is 1.471 and post operatively the mean was 0.959. 

 

 

 

 

 

 

Figure 26: showing comparison of jitter pre and post operatively. 

 

 

Shimmer:  

The preoperative mean shimmer calculated was 8.056. The postoperative mean for 

shimmer was 6.095.  
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Figure 27: showing comparison of shimmer pre and post operatively. 

Harmonic to noise ratio: 

The preoperative for harmonic to noise ratio calculated for 50 patients is 0.026. 

Post operatively the mean is 0.253. 

 

 

                      

                                                                                                                                        

Figure 28: showing comparison of harmonic toe noise ratio pre and post 

operatively 
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Maximum phonation time: 

The mean maximum phonation time preoperatively was 9.96 

Post operatively there was increase in maximum phonation time which showed a 

mean of 14.86.  

 

 

 

 

 

  

Figure 29: showing comparison of maximum phonation time pre and post 

operatively 
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. 

 

 

 

 

 

 Table 9: showing mean, standard deviation of voice acoustic parameters. 

 

 

Table 10: showing significant p value for voice acoustic parameter by paired t test. 

  
Mean 
 

 
N 
 

 
Std. Deviation 
 
 

Pair 1    FF pre op 
             FF post op 
 

150.770 
178.286 
 

50 
50 

40.1147 
46.9499 

Pair 2    J pre op 
             J post op 

1.4710 
.9594 

50 
50 

.39553 

.33249 

Pair 3    S pre op  
             S post op 
 

8.0556 
6.0952 

50 
50 

.75315 

.78299 

Pair 4   HNR pre op 
            HNR postop 
  

.02642 

.25346 
50 
50 

.011341 

.130006 

Pair 5  MPT pre op 
           MPT post op 
 

9.96 
14.86 

50 
50 

   1.653 
   1.874 
 

 
 
 

                     Paired Differences  
 
t 

 
 
df 

 
 
 
 
Sig. 
(2-
tailed
) 

Mean   Std. 
Deviation 

Std. 
Error 
Mean 

95% Confidence 
Interval of the 
Difference 

Lower Upper 

Pair 1 FF pre op - FF post op 
 
Pair 2 J pre op - J post op 
 
 
Pair 3 S pre op - S post op 
 
 
Pair 4 HNR pre op - HNR postop 
 
Pair 5 MPT preop-MPT-post op    

27.516 
 
.51160 
 
 
1.9604 
 
 
.22704 
 
-4.900 

19.5998 
 
.27060 
 
 
.73270 
 
 
.129830 
 
.909 

2.771 
 
.0382 
 
 
.1036 
 
 
.0183 
 
.129 

-33.0862 
 
.43470 
 
 
1.75217 
 
 
-.263937 
 
-5.158 

-21.9458 
 
.58850 
 
 
2.16863 
 
 
-.190143 
 
-4.642 

-9.927 
 
13.36 
 
 
18.91 
 
 
12.36 
 
38.11 

49 
 
49 
 
 
49 
 
 
49 
 
49 

.0005 
 
.0005 
 
 
.0005 
 
 
.0005 
 
.0005 
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Voice handicap index: 

Voice handicap index was evaluated pre and postoperatively. The results were 

compared. 44 % of patients showed moderate handicap scoring preoperatively and 

56% showed severe handicap index. Post operatively there was improvement, 72% 

showed mild handicap and 28 % showed moderate handicap. 

 

 

 

 

 

 

 

 Figure 30: showing comparison of pre and post-operative voice handicap index 

scoring.                    
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 VHI post op Total 

Mild Moderate 

VHI pre op   Moderate  Count 
                                          % of Total  
                       
                       Severe       Count 
                                         % of Total 
 
                       total           count 
                                          % of Total 

21 
42.0% 
 
15 
30.0% 
 
36 
72.0% 

1 
2.0% 
 
13 
26.0% 
 
14 
28.0% 

22 
44.0% 
 
28 
56.0% 
 
50 
100.0% 

 

Table 11: showing pre op and post VHI cross tabulation. 

 

 

 

 

 

 

 

 

Table 12: showing statistical calculation of voice handicap index showing 

significant value. 

 

 
 

Value df 
 
 

Asymp. Sig. 
(2-sided) 

Exact Sig. 
(2- 
sided) 
 

Exact Sig. 
(1- 
sided 

Pearson Chi-Square 
 
Continuity 
Correction 
 
Likelihood Ratio 
 
Fisher's Exact Test 
 
Linear-by-Linear 
Association 
 
N of Valid Cases  

10.720a 
 
8.743 
 
 
12.486 
 
 
 
10.506 
 
 
50 

1 
 
1 
 
 
1 
 
 
 
1 

.001 
 
.003 
 
 
.001 
 
 
 
.000 
 

 
 
 
 
 
 
.001 

 
 
 
 
 
 
.001 
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Discussion: 

Videostroboscopy and voice acoustic analysis is a new method in diagnosing and 

deciding the management vocal fold lesions. They detect the changes in vocal cord 

both visually and acoustically which can be compared preoperatively and post 

operatively hence the effectiveness of the treatment can be assessed. 

In this study 50 patients with vocal cord lesions were included which consisted of 

22 females and 28 males with age ranging from 12 to 60 years. Those patients with 

any comorbities and malignant lesions were excluded. 

 Patients with vocal cord lesions like vocal nodule, vocal polyp, vocal cyst, sulcus 

vocalis, puberphonia, vocal cord palsy were included in the study which cause 

significant dysphonia and disrupt the normal vocal cord vibratory function of 50 

patients who underwent stroboscopic analysis 7 patients (14%) were found to be 

cases of sulcus vocalis, vocal cord cysts that were missed on routine clinical 

examination. Bouchayer et al in a study of 157 subjects, 16 (10 %) were found to 

be cases of sulcus vocalis, mucosal bridges and vocal cord cysts which are likely to 

be missed in routine clinical examination. Hence the role of stroboscope played a 

role in differentiating these lesions from other lesions visually itself. 
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Out of 50 patients enrolled in the study 44 patients (88%) with asymmetrical vocal 

cord showed significant improvement (p-0.0005) at the 6 th week of follow up post 

operatively.  Courey et al 8 in his study on 17 patients of benign vocal cord lesion 

after treatment showed statistically significant improvement in symmetry. 

Of 50 patients, 47 patients (94 %) had aperiodicity of vocal cord showed a 

statistically significant (p -0.0005) improvement with 44 patients (88%) showing 

periodic movement of vocal cord at 6th week of follow up. 

In 50 patients the right mucosal wave and left mucosal wave were observed 

separately. Preoperatively the right mucosal showed a mean of 3.06 which showed 

statistically significant improvement (0.0005) of 2.42 .also the left mucosal wave 

which showed mean of 2.82 also showed statistically significant improvement 

(0.0005) to 2.40. 

Preoperatively out of 50 patients only 6 % showed complete glottic closure 

whereas 72 % showed incomplete glottic closure. Postoperatively glottis closure 

showed a significant improvement (p-0.0005) with 96 % showing complete glottis 

closure and 4 % showed incomplete glottic closure. 

Pre operatively the mean fundamental frequency for 50 patients was found to be 

150.77 which showed a statistically significant improvement (p-0.0005) of 178.286 

at 6 the week of follow up. A study conducted by J.Preciado et al 15 in a study of 
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905 patients showed that the average f0 for 589 females was 228.7 hertz in those 

without dysphonia and 216.9 hertz in those with dysphonia and in 316 males it was 

154.7 hertz in those without dysphonia and 139.1 hertz in those patients with 

dysphonia, the voice analysis performed after treatment showed significant 

improvement. 

The shimmer which showed a mean value of 8.0556 showed statistically 

significant (p-0.0005) improvement to 6.0952. The jitter also showed statistically 

significant improvement post operatively, where the pre op value was 1.4710 and 

post op value was 0.9594. This was supported by study conducted by G.thomas 14 

on 30 patients with benign vocal cord lesions which showed fall in both shimmer 

and jitter post operatively. 

The harmonic to noise ratio value was pre operatively was .02642 which showed a 

statistical improvement (p-0.0005) to 0.25346.Maximum phonatory time showed a 

statistically significant increase from 9.96 to 14.86 at 6 th week of follow up. (P-

0.0005). 

According to the VHI validation study done by Jacobson et al., 7 a change of 18 

points in total score and 8 points in subscale score was considered to be 

statistically significant. VHI seems is a reliable tool in self evaluating patients after 

the operation. This outcome of improvement was expected in satisfactory operation 
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result from the surgeon’s point of view. Stroboscopic evaluation did not correlate 

with any of the voice handicap index scores, but acoustic measurements like 

harmonic noise ratio and shimmer seem to correlate with self-evaluation results. 

Hence stroboscopic analysis, acoustic analysis and voice handicap index 

complement each other in diagnosis, management and follow up in patients with 

vocal cord lesions. 

 

Conclusion: 

The technique of videostroboscopy and voice analysis is practical and easy method 

of documentation of data.it give precise preoperative assessment of vocal cord 

lesions thereby helping the surgeon to plan the appropriate treatment according and 

also facilitates postoperatively assessment where the results can be compared with 

pre-operative recording hence giving idea about the effectiveness of the treatment 

chosen. In addition the voice handicap index employed here also gives subjective 

evidence of improvement of vocal cord lesion before and after treatment. Hence 

both subjective and objective parameters are assessed. Statistically significant 

differences in postoperative status of patients were found in both stroboscopic and 

voice acoustic analysis. There is now hope that stroboscopy will allow video 

perceptual analysis to investigate the success of behavioral, pharmacological and 

surgical treatment of vocal cord lesions 
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                                                  ANNEXURES 

                                                 (a)PROFORMA 

 

 

Name:                                                     Age/gender:                   Hospital number:                                         

Occupation:                                             date: 

Address: 

 

 

Complaint Duration: 

Voice abuse: 

LPR: 

Smoking: 

Diagnosis:       

VLS scopy report:  

 

Surgical plan: 

Date of surgery:                                                            date of discharge:Date of 

follow up 
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PREOPERATIVE ANALYSIS 

STROBOSCOPIC PARAMETERS: 

Symmetry: present (1)    Absent (2) 

Mucosal wave Right: greater (1) normal (2) small (3) absent (4) 

    Left: greater (1) normal (2) small (3) absent (4) 

Glottic closure: complete (1) incomplete (2) irregular (3) hourglass (4) posterior 

gap (5) anterior gap (6) spindle gap (7) variable pattern (8) 

Periodicity: present (1) absent (2) 

ACOUSTIC ANALYSIS: 

1. Fundamental frequency 

2. Standard deviation of fundamental frequency 

3. Jitter 

4. Shimmer  

5. Harmonic to noise ratio 

6. Maximum phonation time 

VOICE HANDICAP INDEX SCORE: 

Functional:                                    Physical:                             Emotional: 

Total score: 
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POSTOPERATIVE ANALYSIS 

STROBOSCOPIC PARAMETERS: 

Symmetry: present (1)    Absent (2) 

Mucosal wave Right: greater (1) normal (2) small (3) absent (4) 

    Left: greater (1) normal (2) small (3) absent (4) 

Glottic closure: complete (1) incomplete (2) irregular (3) hourglass (4) posterior 

gap (5) anterior gap (6) spindle gap (7) variable pattern (8) 

Periodicity: present (1) absent (2) 

ACOUSTIC ANALYSIS: 

1. Fundamental frequency 

2. Standard deviation of fundamental frequency 

3. Jitter 

4. Shimmer  

5. Harmonic to noise ratio 

6. Maximum phonation time 

VOICE HANDICAP INDEX SCORE: 

Functional:                                    Physical:                             Emotional: 

Total score: 
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(B)VOICE HANDICAP INDEX: 

Circle the response that indicates how frequently you have the same experience.  

0-neve r 1-almost never 2-sometimes 3-almost always 4-always 

 

Part 1- functional 

 My voice makes it difficult for people to hear me.       0 1 2 3 4 

People have difficulty understanding me in a noisy room. 0 1 2 3 4 

My family has difficulty hearing me when I call them throughout the house0 1 2 34 

I use the phone less often than I would like to. 0 1 2 3 4 

I tend to avoid groups of people because of my voice. 0 1 2 3 4  

I speak with friends, neighbors, or relatives less often because of my voice0 1 2 3 4 

People ask me to repeat myself when speaking face-to-face. 0 1 2 3 4 

My voice difficulties restrict my personal and social life. 0 1 2 3 4 

I feel left out of conversations because of my voice. 0 1 2 3 4 

My voice problem causes me to lose income. 0 1 2 3 4 
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Part 2-physical  

I run out of air when I talk. 0 1 2 3 4 

The sound of my voice varies throughout the day. 0 1 2 3 4 

People ask, “What’s wrong with your voice?” 0 1 2 3 4 

My voice sounds creaky and dry.  0 1 2 3 4 

I feel as though I have to strain to produce voice. 0 1 2 3 4 

The clarity of my voice is unpredictable. 0 1 2 3 4 

I try to change my voice to sound different. 0 1 2 3 4 

I use a great deal of effort to speak. 0 1 2 3 4 

My voice is worse in the evening. 0 1 2 3 4 

My voice “gives out” on me in the middle of speaking. 0 1 2 3 4 

Part 3-emotional 

I am tense when talking to others because of my voice. 0 1 2 3 4 

People seem irritated with my voice. 0 1 2 3 4 

I find other people don’t understand my voice problem. 0 1 2 3 4 

My voice problem upsets me. 0 1 2 3 4 
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I am less outgoing because of my voice problem. 0 1 2 3 4 

My voice makes me feels handicapped. 0 1 2 3 4 

I feel annoyed when people ask me to repeat. 0 1 2 3 4 

I feel embarrassed when people ask me to repeat. 0 1 2 3 4 

My voice makes me feel incompetent. 0 1 2 3 4 

I am ashamed of my voice problem. 0 1 2 3 4 

 

FUNCTIONAL PHYSICAL EMOTIONAL TOTAL 
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                                C)  ETHICAL COMMITTEE APPROVAL LETTER.
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                                                D)  CONSENT FORM  

                                                                      சுய ஒப்புதல் படிவம் 

ஆராய்ச்சி நிலையம்:காது,மூக்கு,ததாண்லை பிாிவு 

 ஸ்ைான்லி மருத்துவ கல்லூாி 

 

பங்கு தபறுபவாின் தபயர்: 

 

பங்கு தபறுபவாின் எண்: 

 

                      மருத்துவ ஆய்வின் விவரங்கள் எனக்கு விளக்ககக்பட்ைது. எனது 

நநாய்............................................................................... .................................................................... மற்றும் அதன் 

நிலை ததாியப்படுத்தப்பட்ைது. எனது நநாய் பற்றிய சந்நதகங்கலள நகட்கவும் அதற்கான தகுந்த 

விளக்கங்கலள தபறவும் வாய்ப்பு அளிக்கப்பட்ைது. இந்த நநாய்லய குணப்படுத்தும்  

சிகிச்லசகள்………………………………………………………………………………… 

.............................................................................................................விளக்கபட்ைது . அந்த சிகிச்லசக்கு 

முன்னும் பின்னும் மூன்று பாிநசாதலன முலறகள் இயங்கு தபாருள் அதிர் தவண் காணி 

பாிநசாதலன(stroboscopy),குரல் பாிநசாதலன(voice analysis) மற்றும் குரல் ஊனமுற்று 

குறியீடு(voice handicap index) ஆகியலவ நமற் தகாள்ள பை உள்ளன. இந்த  சிகிச்லச முலறகலள 

பயன் படுத்த சுய நிலனவுைன் சம்மதிக்கிநறன். இந்த பாிநசாதலனயின் விலளவுகலள ஆய்வில் 

பயன் படுத்த தன்னிச்லசயாக சம்மதிக்கிநறன். எக்காரணத்தினாலும் எந்த கட்ைத்திலும் எந்த 

சட்ை சிக்களுக்கும் உட்பைாமல் இவ்வாய்வில் இருந்து விைகி தகாள்ளைாம் என்றும் அறிந்து 

தகாண்நைன். 

                   இந்த ஆய்வின் மூைம் கிலைக்கும் தகவல்கலளயும் பாிநசாதலனயின் முடிவுகலளயும் 

மருத்துவர் நமற் தகாள்ளும் ஆய்வில் பயன் படுத்தி தகாள்ளவும் அலத பிரசுாிக்க 

நதலவப்பட்ைால் என்லனயும் எனக்கு நைக்கும் பாிநசாதலன லயயும் புலக பைம் எடுக்கவும் நான் 

முழு மனதுைன் சம்மதிக்கிநறன். 

 

 

பங்நகற்பவாின் லகநயாப்பம்:       கட்லைவிரல் ஒப்பம்:                                                                                
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LEGEND FOR MASTER CHART: 

 

 Symmetry: 

 Present -1 

Absent -2 

 

 Mucosal wave: 

Greater -1 

Normal – 2 

Small -3 

Absent -4 

 

Glottic closure: 

Complete-1 

Incomplete – 2 

Irregular – 3 

Hourglass -4 

Posterior gap -5 

Anterior gap -6 

Spindle gap -7 

Variable pattern -8 

 

Periodicity: 

Present – 1 

Absent -2 
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Side of lesion:  

Right -1 

Left -2 

Both -3 

Not applicable -4 

 

 Position of the lesion: 

Anterior third– 1 

Middle third -2 

Posterior third -3 

Anterior and middle junction –4 

Superior surface -5 

Not applicable -6 

 

 Voice handicap index: 

Mild handicap -1 

Moderate handicap -2 

Severe handicap -3 


