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                                                   INTRODUCTION  

Vocal fold:  

The complex micro anatomy of the true vocal fold fuctionally permits the above loose 

and pliable  mucosal layers to vibrate freely over the stiffer under layers.  

 

Figure 1: Layers of the vibratory margin of the vocal folds.   

 

The true vocal fold has three major layers : 

�  the mucosa - specific for vibratory function   

�  the vocal ligament  

� the underlying muscle  

 The true vocal fold can also be divided into layers : 
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�  most superficial layer - the squamous epithelium  

� Deep to the epithelium - 3 layers of lamina propria, each of increasing rigidity.  

- The potential space lying between the Superficial layer & the Intermediate layer 

of lamina propria is Reinke’s space.   

- The Intermediate & Deep layer of Lamina propria  together form the vocal 

ligament.   

� Deepest layer - Vocalis muscle  

The gelatinous superficial layer of the lamina propria, together with the squamous 

epithelium, moves freely over the underlying vocal ligament and muscle to form the 

vibrations that produce sound.   

 

Figure 2: Vocal cords - endoscopic view  

 

 The true vocal fold can also be divided into portions :  

�  Posterior one third portion - aphonatory (respiratory) / cartilaginous portion  

� Anterior two third portion - phonatory / membranous portion  
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Speech production is one of the most complex functions of the human larynx. It 

results from vibrating the vocal folds, which produces a fundamental tone called the 

fundamental frequency. The fundamental frequency is the number of times the vocal 

folds open and close per second. This sound produced by the vocal folds is modified 

by the rest of the vocal tract to produce speech.  

 

Vocal tract:  

Various components of the vocal tract are 

 ● Activator (lungs and respiratory muscles) - generates airflow causing vocal fold 

vibration.  

● Generator (vocal folds) - act as vibrators. 

 ● Resonator (pharyngeal and supraglottic cavities).  

 ● Articulator (palate, tongue, teeth and lips) - can further modulate the voice signal to 

produce speech 

 

Dysphonia & its evaluation:  

Pathologies causing dysphonia affect the vocal folds in subtle ways. Objective 

evidence of vocal pathology is not always easily discernable on physical examination. 

Therefore, it is obvious that the laryngologic examination be supported by a careful 
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review of the patient’s medical and vocal history provides information to interpret the 

findings on physical exam and objective voice testing. A successful voice assessment 

determines the cause, the severity and the prognosis of the problem. It also helps in  

planning of the treatment. It cannot be fully achieved in out-patient clinic & usually 

requires a multiprofessional approach. 

A critical part of the clinical evaluation is a careful subjective assessment of the 

patient’s voice, which, when combined with laryngologic examination (specifically 

the vocal folds) is paramount for the evaluation and care of patients with voice 

disorders.   

 

Benign vocal fold lesions - most common laryngeal lesions   

                                           - lead to dysphonia that leads to a decrease in quality of life   

                                             and loss of professional productivity.  

 

Some of the well known pathologies are vocal fold polyp, vocal fold nodule, vocal 

fold cyst, sulcus vocalis, mucosal bridge, reinke’s oedema, glottic web, keratosis, 

contact granuloma, laryngeal tuberculosis, vocal fold paralysis.  

 

Regarding the epidemiology of benign vocal fold pathologies, A study on Prevalence 

of Benign Lesions of Vocal Cord in Patients with Hoarseness by Kiran Kumar 

Chinthapeta et al., showed that benign lesions constituted up to 68%. Maximum 
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incidence of benign lesions were found in the age group of 41 - 50 years followed by 

the 31-40 years age group, together accounting for 76% of cases. Males had higher 

incidence of hoarseness when compared to females. Hoarseness was present in all the 

patients with benign lesions of the vocal cord. Non - neoplastic lesions appeared to be 

common among benign lesions with hoarseness. Bilateral Vocal cord nodules 

appeared to be the most prevalent type of benign lesion presenting with hoarseness.  

Another study by Hegde et al on Benign lesions of larynx- showed a male 

preponderance with M:F ratio of 3∶1; predominantly the patients were in the 30-40 age 

group. One another study by Hemant chopra & Minisha Kapoor on benign glottic 

lesions undergoing microlaryngeal Surgery showed that 73.14% patients presented 

between the age group of 20-25 years & among various types of benign lesions vocal 

nodules were found in 33.33% cases, vocal cysts in 17.3%, vocal polyp in 16% and 

Chronic hypertrophic laryngitis in 13.3% etc. The same study showed commoner 

lesions  in smokers are vocal fold polyps (29.4%), chronic hypertrophic laryngitis 

(23.5%), leukoplakia (17.6%), tubercular laryngitis (11.7%) & common lesions in 

non-smokers are vocal nodules (33.33% cases), vocal cysts (17.3%), vocalpolyp 

(16%) and Chronic hypertrophic laryngitis (13.3%).1 

Another study by Preciado J , Pérez C , Calzada M , Preciado P  studying Prevalence 

and incidence studies of voice disorders among teaching staff of La Rioja, Spain. 

Clinical study: questionnaire, function vocal examination, acoustic analysis and 

videolaryngostroboscopy showed the prevalence of voice disorders among La Rioja 

Teachers was 57%: 20.3% for organic lesions [nodular lesions (14%), polyps (2%), 

submucous suffusions (1.4%), edema Reinke (1.2%) Sulcus (0.4%), scalp (0.6%), 
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leucoplasia (0.2%) vocal cord paralysis (0.2%)] 8.1% for chronic laryngitis [not 

specific (2.8%), smoke (3.9%) gastroe-sofageal reflux (2.5%)] and 29% for functional 

lesions [hyperfunctional dysphonia (7.5%) hypofunctional dysphonia (0.4%) vocal 

overefforts (18%) hyperplasia false cords (2.8)]. The incidence rate was 4 new cases 

each 1000 teachers and year. Organic lesions were more prevalent in women (25.4%) 

than in men (9.5%), but functional lesions and chronic laryngitis were more prevalent 

in men (36.5% and 13.2%) than in women (24% and 5%).51  

 

Regarding the reliability of videostroboscopic evaluation in vocal fold lesions, 

Casiano et al. showed that in patients with voice complaints and no abnormality 

identified on indirect laryngoscopy, videostroboscopy resulted in a change of 

diagnosis in 44%. Furthermore, 20% of those patients diagnosed as having benign 

vocal fold lesions on indirect examination had a change in diagnosis after 

videostroboscopy. There was only a 3 to 5% rate of change in diagnosis in patients 

with malignant lesions of the vocal cords and neurologic disorders of the larynx, 

respectively, indicating that invasive vocal fold carcinoma and vocal fold paralysis are 

correctly identified on indirect laryngoscopy. In 70% of the cases where 

videostroboscopy resulted in a change of diagnosis, a previously unappreciated benign 

vocal fold lesion was found. In another 19%, vocal fold bowing that had not been 

appreciated on indirect examination was identified.8 

The benefits of videostroboscopy were confirmed by Sataloff et al, who reported that 

videostroboscopy, using a flexible laryngoscope, resulted in a change of diagnosis in 
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18% of patients and provided additional diagnostic information in 47% with changes 

in management based on these findings in 32%.9 

Dailey et al. Showed that in patients with vocal fold nodules & vocal fold polyps, 

videostroboscopic findings correlated with surgical findings 100% of the time. Also 

videostroboscopic findings has a chance to correlate with surgical findings of about 78 

to 100%  in patients with vocal fold cysts. However, videostroboscopy is unreliable 

method in diagnosing cancer or to determine the depth of its invasion. Superficially 

invasive cancer of the larynx cannot be differentiated from a benign process with 

videostroboscopy. It is quite uneasy to see the medial glottal surfaces using 

videostroboscopy, hence medial vocal fold lesions (eg., sulcus vocalis, cancers 

involving medial vocal fold) may go unidentified with videostroboscopy. 

Videostroboscopy is impossible in patients who cannot phonate for 3 to 5 seconds at a 

stable frequency. Hence, use of videostroboscopy is precluded in patients with 

aperiodic phonation. Also, it is impossible to use videostroboscopy to evaluate 

vibration during the phonation-on & phonation-off period.10  

 

Regarding the validity and reliability of acoustic measures currently used in the clinic 

to objectively assess voice quality (e.g., jitter, shimmer, and noise-to-harmonics ratio) 

are inherently limited by a reliance on the accurate determination of fundamental 

frequency (F0),  and these measures have been further restricted to the analysis of 

sustained vowels. F0 can be difficult or impossible to extract in disordered voices, and 

sustained vowels may not be representative of vocal function or voice quality during 
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continuous speech. In response to these limitations, there have been recent attempts to 

develop acoustic measures of voice quality that do not rely on accurate F0 estimation 

and can be extended to the analysis of continuous speech. Two basic directions are 

prominent in recent attempts to develop acoustic measures that overcome the above 

said limitations are cepstral – based methods & non-linear dynamics based methods. 

Some of the advances in acoustic (cepstral-based methods) seem to have a better 

chance of being more rapidly adopted in the clinic, while others will require further 

development and testing.12,13,14,15 

One another study by Lopes et al tells that Isolated acoustic measures do not 

demonstrate adequate performance in discriminating patients with and without 

laryngeal alteration, although they present acceptable performance in classifying 

different laryngeal diagnoses. Combined acoustic measures present an acceptable 

capacity to discriminate between the presence and the absence of laryngeal alteration 

and to differentiate several laryngeal diagnoses.15 

 

Regarding reliability of the GRBAS scale , a study by Karnell et al showed that the 

relatively strong reliability of the GRBAS rating system found in this investigation 

was consistent with that reported by De Bodt et al. Also reliability of and agreement 

between GRBAS and CAPE-V are consistent with the findings of Wuyts et al. The 

agreement between the two rating systems was found to be relatively strong, given 

that they were used simultaneously.17,18,19,20 
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Considering all the above factors, subjective evaluation of voice in voice disordered 

patients in our study is done by videostroboscopy, acoustic voice analysis & GRBAS 

scale. 
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AIMS AND OBJECTIVES 

1. Comparing the vocal cord vibratory changes among males with voice related 

symptoms in non smokers versus chronic smokers using videostroboscopy.   

2. Comparing the voice parameters among males with voice related symptoms in non 

smokers versus chronic smokers using acoustic voice analysis.   

3. Comparing the subjective evaluation of voice using GRBAS scale among males 

with voice related symptoms in non smokers versus chronic smokers.   
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NEED FOR STUDY 

The importance of  effects of  smoking on voice, early presentation & early diagnosis 

of voice disorders, attributable risk of the smoking to the voice disorders, risk of voice 

disorders in non-smokers, significance of voice evaluation aiding plan of management  

to provide near normal voice in post treatment  period necessitates the need for this 

study. Also to emphasis on effects of vocal hygiene this study is needed.  

This study was done to elicit the significance of smoking on voice by means of 

perceptual, acoustic and endoscopic imaging methods for assessing voice production.  

Hence this study was designed to study the videostroboscopy findings & acoustic 

voice analysis among males with voice related symptoms in non smokers versus 

chronic smokers as practiced in the department of Otorhinolaryngology & head and 

neck surgery, Government Stanley medical college & hospital, Chennai. 
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REVIEW OF LITERATURE 

Mirror Laryngoscopy:  

Phillip Bozzini (1773–1809) - first individual to suggest image controlled endoscopic 

surgery & is therefore considered to be the father of minimally invasive surgery. In 

1807, he described the Lichtleiter (“light conductor”), which was composed of a 

universal handle that incorporated a candle and a reflector as an extracorporeal light-

source. The laryngeal cannula he used consisted of an additional mirror that allowed 

for visualization of the lower pharynx and larynx.35 

  

Figure 3 - Bozzini’s Lichtleiter (“light conductor”). Note the line drawing displaying a 

universal handle with a candle as a light source; the laryngeal speculum is seen in the 

inferior right in the inset photograph 
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Babington - used the term glottoscope (1829) for his instrument, which consisted of a 

variety of mirrors as well as a retracting spatula to distract the tongue base. By 

retracting the tongue base out of the visual field, Babington’s glottoscope became the 

first device to employ internal distension of supraglottal tissues to enhance 

visualization of the glottis.37  

Liston’s brief description of mirror laryngoscopy (1837) for the assessment of 

laryngeal edema was important because he introduced the concept of heating the 

mirror to avoid condensation on the reflecting surface.  

Avery (1844) designed a laryngeal cannula similar to Bozzini’s, however he employed 

an artificial light source separate from the device in the form of a headlight. This 

remarkable device employed a perforated concave mirror to reflect the illumination 

into the oropharynx to facilitate visualization of the larynx.36  

Manual Garcia (1805–1906), the renowned vocal pedagogist, reported auto-

laryngoscopy to the Royal Society of London in 1855.43  

In 1857, Turck explored, but then abandoned, the clinical application of mirror 

laryngoscopy because he could not obtain a reliable image as he was depending on the 

sun for illumination.  

Czermak borrowed the same mirrors and reintroduced the artificial light source and 

the perforated concave mirror.  

Stoerk (1859) reported the first laryngoscopically controlled manipulation of the 

laryngeal tissues, which involved the topical application of silver nitrate to the larynx. 
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Lewin (1860) was the first to report on the laryngoscopically guided management of 

laryngeal tumors.  

In 1886, Fraenkel published the first report of a transoral resection of a laryngeal 

cancer.  

Solis-Cohen became the first formally trained surgeon to become a laryngologist, 

which was based on mastering mirrorguided imaging. He is the first specialist head 

and neck surgeon in history and was probably the first individual to cure a laryngeal 

cancer, which was done by means of a laryngofissure and hemilaryngectomy.  

Direct Laryngoscopy and Endolaryngeal Surgery:  

 

Figure 4.  Seiffert’s direct laryngoscope 

Horace Green (1802–1866) described blind transoral application of caustics to the 

larynx to treat infectious inflammatory disorders of the laryngeal membranes.  
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In 1852, Green made his most seminal contribution to laryngology by describing the 

first direct laryngoscopy and visually controlled excision of a laryngeal neoplasm (a 

ball-valving fibroepithelial polyp obstructing the glottal aperture). Using sunlight for 

illumination, he was able to successfully observe and resect the lesion due to the 

favorably cephalad position of the child’s larynx.  

Unaware of Green’s accomplishment, Kirstein reintroduced direct laryngoscopy 

(autoscopy) in 1895.  

Killian (1860–1921) perfected rigid bronchoscopy by 1897, thereby demonstrating 

direct examination of the airway distal to the larynx.  

Killian introduced the inverted V laryngoscope blade to conform to the anterior glottal 

commissure and designed the laryngeal suspension that facilitated bimanual surgery.  

Internal distension in the anteroposterior dimension was reintroduced by Haslinger 

(initially by Babington) with his bivalve laryngoscope and in the mediolateral 

dimension by Jackson with his laryngostat.  

External counterpressure was formally described by Brunings.  

Around 1960, the surgical microscope was introduced to endoscopic laryngeal surgery 

by Scalco and colleagues, Jako, and Kleinsasser.  

In the early 1970s, Polanyi worked with Jako, Strong, and Vaughan and coupled the 

carbon dioxide laser to the surgical microscope.  
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Laryngeal Stroboscopy:   

 

Figure 5.  Oertel’s laryngeal stroboscope 

Introduced initially by Oertel in 1878. In 1895, Oertel ingeniously fitted the 

stroboscope with a magnifying telescope. There were several incrementally improved 

rotating disk devices in the early 20th century. However, in the 1950s, laryngeal 

stroboscopy was more feasible with acoustically synchronized light flashes. His 

coauthors, von Leden and Moore, illustrated that the electronic laryngo-synchro-

stroboscope was clinically more valuable compared with the predecessor devices of 

the prior 50 years. 
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Hans von Leden’s career and voluminous scientific contributions serve as the 

foundation for modern phonosurgery, a term he developed (1963).  

Over the past 2 decades, use of an acoustically synchronized laryngeal 

stroboscope in the management of routine voice disorders has become commonplace 

and has established the value of laryngeal stroboscopic imaging for any surgeon 

treating hoarseness and voice disorders.  

Rigid Telescopic Laryngoscopy:  

Harold Hopkins initiated the modern era of rigid telescopic imaging in the late 1960s. 

He invented the rod-lens system to allow better light transmission.  

In 1963, Karl Storz combined this rod-lens with his cold light. The Hopkins rod has 

been a key platform technology for laryngoscopic imaging.  

 

A study on ‘The clinical usefulness of laryngeal videostroboscopy and the role of 

high-speed cinematography in laryngeal evaluation by Cutler, Jeffrey L. MD; 

Cleveland, Thomas PhD’ says that Proper use of laryngeal videostroboscopy aids the 

otolaryngologist in appreciating vocal fold vibratory patterns and phonatory 

characteristics. A laryngology practice is incomplete without the application of the 

stroboscope in diagnosing and tracking treatment progression in patients with vocal 

complaints. Also it says videostroboscopic application improves diagnostic accuracy, 

as compared with traditional methods.  

 



18 

 

A study of ‘Efficacy of Videostroboscopy in the Diagnosis of Voice Disorders’ by Dr. 

Roy R. Casiano, MD, Dr. Vijaykumar Zaveri, MD, Dr. Donna S. Lundy, MA,  

questions about the ability of videolaryngoscopy and/or videostrobolaryngoscopy in 

changing the diagnosis and treatment outcome of patients with voice disorders as 

compared to indirect laryngoscopy & concludes that it allowed detection of subtle 

vocal fold pathology, otherwise missed by indirect laryngoscopy.50 

 

Another study of Videostroboscopic Characteristics of Young Adult Female Smokers 

vs. Nonsmokers Shaheen N.Awan. Danelle L.Morrow showed the findings of 

increased erythema and edema in this study are consistent with previous descriptions 

of the effects of smoking on laryngeal structures, whereas our observations regarding 

glottal gap size and phase symmetry are unique contributions derived from the 

stroboscopic method. This study indicate that observable signs of laryngeal irritation 

and disturbed phonation occur even in young adults with relatively brief smoking 

habits.16 

 

One another study of Objective and Subjective Evaluation of Larynx in Smokers and 

Nonsmokers: A Comparative Study by Hansa Banjara et al., showed 

Videostroboscopy results illustrated significant relationships between smoking and 

abnormal vocal fold edge, abnormal texture, edema, erythema, abnormal mucosal 

cover, abnormal phase symmetry and abnormal pliability. Acoustic Voice analysis 

showed that smoking has a clear effect on some acoustic voice. The parameters most 
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commonly affected by smoking are fundamental frequency (F0), jitter, shimmer, F0 

tremor, normalized noise energy, signal noise ratio, maximum phonation time (MPT), 

s/z ratio, opening rate and closing rate. The results indicate that smoking has a 

significant effect on laryngeal structures and phonatory physiology.  

 

Another study of Investigating the Effects of Smoking on Young Adult Male Voice 

by Using Multidimensional Methods by Dogan Pinar, Hakan, Cincik, Evren, Erkul, 

Atila, Gungor. showed no significant changes in perceptual analysis of voice samples 

between smoker and nonsmoker groups & no significant changes in any of the 

acoustic parameters between smoker and nonsmoker groups.  

Results of videostroboscopic analysis showed significant relationships between 

smoking and increased vocal fold erythema (P < 0.05), symmetry, amplitude, 

and periodicity abnormality of vocal fold movements were observed in smoker group 

during phonation (P < 0.05). The results of this study indicate that observable signs of 

laryngeal irritation and disturbed phonation  physiology occur even in young adults 

with relatively brief smoking habits. Subjective symptoms of smoking on voice 

appear to occur earlier than objective findings.52 
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MATERIALS AND METHODS 

STUDY DESIGN:  

A prospective study with  30 non smoking males with voice symptoms as a group & 

30 chronic smoking males with voice symptoms as another group were included in the 

study.  

SETTINGS:  

Department of otorhinolaryngology and Head and Neck Surgery, Government Stanley 

Medical  

College and Hospital, Chennai    

INCLUSION CRITERIA:  

- Males with voice related symptoms with age : > 18 & < 60 years  

EXCLUSION CRITERIA:  

- Age < 18 years and > 60 years  

- Patient with chronic laryngitis.  

-  Patient with medical illness like chronic obstructive pulmonary disease.  

- patients who failed to return for follow up at six weeks 

METHODOLOGY:  

Males with voice related symptoms were enrolled in the study and were  classified 

into 2 groups namely  chronic smokers & non-smokers.  
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For study purposes, a smoker was defined as a person who had smoked at least two 

cigarettes per day for at least 1 year  at the time of this study. 

Each patient underwent voice evaluation with videostroboscopy, acoustic voice 

analysis & GRBAS scale after procuring the consent from them.  

PATIENT SELECTION:  

30 patients in each group were selected according to the inclusion and exclusion 

criteria. Clinical history & clinical examination was done.  

Written consent was obtained for the study for period of 9  months from january 2019 

to september 2019.   

STUDY PROCEDURE:  

Videostroboscopy:  

- It is done  to assess vocal folds vibratory patterns.  
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Figure 6: Videostroboscopy unit along with Phonolab unit (used for acoustic voice 

analysis) used for this study.  
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After explaining the procedure to the patient, 10 % lignocaine spray was used to 

anesthetize the larynx. After waiting for about 2 minutes the telescope was introduced 

into the oropharynx to visualize the glottis.  Videolaryngoscopy examination was 

performed for all patients before stroboscopy examination using 4mm rigid Hopkins 

rod endoscope. Followed by, the Videostroboscopic examination done using a 8mm 

70 degree rigid Hopkins rod  telescope. The patient was asked to phonate vowels (eg., 

long “eee”) to see the cords moving. 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 was captured into a computer monitor using a capture card without 

compression and analyzed later.   

 

Figure 7: a photograph displaying the videostroboscopy being done.  
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The following parameters were analyzed using stroboscopy:  

1. Symmetry  

2. Mucosal wave  

3. Glottis closure  

4. Periodicity  

 

 Acoustic voice analysis:   

              Voice analysis was performed on PHONOLAB software version 03.02.08  

ECLERIS. Patient underwent voice analysis in a sound proof room. The  

voice recorded with a microphone. The voice sample consisted of sustained vowels /a/ 

and /i/ and the reading of a phonetically balanced text. We instructed patients to read 

at a comfortable pitch- and loudness level. 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. 

Mouth-to-microphone distance was standardized to 30 cm. 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 wave format.  
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The parameters observed on voice analysis were  

1. Fundamental frequency   

2. Jitter   

3. Shimmer   

4. Noise to harmonics ratio  

 

GRBAS scale:  

It is used for for auditory perceptual assessment of voice quality & particularly useful 

assessment of dysphonia.  

The GRBAS system for describing vocal quality contains five well-defined 

parameters :  

-  G (overall grade of hoarseness)   

- R (roughness)   

- B(breathiness)  

- A (asthenic)  

- S (strained quality) of the voice.  

A four-point scale, from 0 to 3, is used for each parameter.  

"0" equals non-hoarse or normal, "1" slight, "2" moderate, and "3" severe. 

Results are denoted as G1R1B1A0S0.   
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VOCAL FOLDS 

 

Figure 8: Superior view of laryngeal cartilages. Note the position of the muscular 

process of the arytenoid cartilage.  

 

During phonation the respiratory cycle changes. The vocal fold is composed of the 

thyroarytenoid  muscle, its fibrous tissue cover, and the facing mucosa. Cyclic 

repetition of closing and opening movements of the vocal cords results in vibration. 

Voice production depends on neuromotor coordination of all muscles involved in 

phonation.  

  

The vocal folds extend from  the anterior commissure, to the vocal process of the 

arytenoid cartilage.  

Anterior commissure - corresponds to the midway point between the thyroid notch 

and the lower border of the thyroid cartilage at the midline.  
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The conus elasticus - the lateral portion of the cricothyroid ligament. It extends from 

the anterior arch of the cricoid cartilage to the thyroid cartilage anteriorly and to the 

vocal process of the arytenoid posteriorly.  

Vocal ligament - The thickened superior free margin of the conus elasticus.  

Running parallel and inferolateral to the vocal ligament is the vocalis component of 

the thyroarytenoid muscle.  

Glottis - the space between the vocal folds.  

The vocal folds are usually bulkier and longer in adult males, resulting in a deeper 

voice.  

 

 

Figure 9: Illustration of how the intrinsic laryngeal muscles act to move the laryngeal 

cartilages as viewed from above. 
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Primary adductor muscles of the larynx –  

                             Lateral cricoarytenoid  

                             Thyroarytenoid  

                             Interarytenoid  

         Main abductor muscle of the larynx -  

                            Posterior cricoarytenoid  

Cricothyroid and the Thyroarytenoid & Lateral cricoarytenoid muscles control vocal 

fold length, tension, and vocal frequency.  

 

Myoelastic-aerodynamic and body-cover theories of phonation:  
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Figure 10: Schematic coronal section through the vocal folds, demonstrating mucosal 

wave propagation. 1 Vocal folds are completely closed as subglottal pressure (arrow) 

builds up. 2 Lower lips separate due to rising subglottal pressure. 3 Only the upper 

lips are in contact. 4 A puff of air is released as the vocal folds separate completely. 5, 

6 As airflow continues, the elastic recoil of the vocal folds, as well as Bernoulli’s 

forces, result in the lower lips of the vocal folds drawing inward. At the same time, the 

mucosal wave is propagated superiolaterally. 7 Airflow is reduced, and the lower lips 

are completely approximated. 8 In a zipper-like closure, the free edge of the vocal 

folds come into contact from inferiorly to superiorly.  
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Figure 11: Body-cover theory of vibration of vocal folds. 

 

 The phonation process begins with the laryngeal muscles closing the glottis and 

placing the vocal folds under appropriate longitudinal tension.  

When exhalation starts, pressure builds up in the subglottic area until it reaches a 

critical phonation threshold pressure. At that point, the subglottic air pressure 

(aerodynamic forces) exceeds glottic closure (myoelastic) forces, and air is allowed to 

escape between the vocal folds. The vocal folds start to open in a posterior to anterior 

direction to allow air through the cords and reduce the subglottic pressure. The vocal 

folds then begin to approximate, posterior to anterior. The vocal folds myoelastic 

forces are enhanced by the Bernoulli effect, in which airflow through a narrow 

channel exerts negative pressure on the channel walls. The vocal folds close fully until 

the subglottic pressure reaches the threshold for the next cycle. In a coronal section of 

the vocal folds, the mucosal wave starts inferiorly and propagates superiorly towards 

the upper margin of the vocal folds. When the cycle begins, the two vocal folds are 
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completely  closed, but as subglottic pressure increases, the lower margins of the folds 

begin to separate. The separation moves superiorly and air is released once the upper 

margins separate. Due to a pressure drop, elastic recoil of the cords and the Bernoulli 

effect, the mucosal margins begin to approximate until they close at the lower margin. 

The closure moves superiorly to the upper margin, and the glottis closes fully to begin 

another cycle. The body-cover model of voice generation suggests two layers with 

different structural qualities: a loose cover of mucosa and the superficial layer of 

lamina propria (forming the cover) vibrating over a vocal ligament (intermediate and 

deep lamina propria) and thyroarytenoid muscle (body). The cover is loose, pliable 

and non-contractile, whereas the body is stiff and has an active contractile ability. 

Several factors affect fundamental frequency: 

 ● Mass per unit length. The fundamental frequency of vocal fold vibration is 

inversely proportional to its mass. Longitudinal stretching of the vocal folds via 

cricothyroid contraction reduces the fold’s mass per unit length, thus increasing the 

vibration frequency. In contrast, thyroarytenoid muscle contraction increases the mass 

per unit length and decreases the fundamental frequency.  

● Stiffness. Vocal fold tension plays an important role in the control of fundamental 

frequency. It is affected by the vocal fold’s contractile forces and tissue elasticity. 

Adjusting the vocal fold tension via muscle contraction changes the vibration rate. 

 ● Viscosity. The ease with which a cover can slide over a body is inversely related to 

the viscosity of the system. Thus, hydrating the vocal folds reduces viscosity and 

improves the voice quality.  
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Laryngeal Vibrator 

The larynx sits on top of the trachea. The thyroid and cricoid cartilages, which are part 

of the larynx, provide reinforcement and prevent collapse of the airway. The other 

components of the larynx are mobile and form a closing mechanism that protects the 

trachea during deglutition. They include the arytenoid cartilage, epiglottis, and 

endolaryngeal muscles. For more information about the osteocartilaginous elements 

and the intrinsic and extrinsic muscles of the larynx, the reader is referred to classic 

anatomical descriptions. The vocal fold is a “multilayered” structure that exists only at 

the level of the anterior two-thirds of the fold (known as the “ligamentary” portion of 

the fold as opposed to the posterior cartilaginous portion, which corresponds to the 

vocal process). The vocal fold is composed of the thyroarytenoid muscle, its fibrous 

tissue cover, and the facing mucosa. The vocal fold features are specifically designed 

for vibration. The vibrating free edge is covered with squamous epithelium, which is 

more resistant to the mechanical constraints produced by vibration and contact than 

the pseudostratified respiratory mucosa that lines the rest of the larynx. In addition, 

the epithelium is covered with a mucus layer whose outer layer has a mucin film to 

prevent dehydration of the underlying +serous layer, cilia, and cells. The free edge of 

the vocal fold is glaborous (i.e., totally devoid of glands that might hinder mucosal 

wave formation); and most blood vessels as well as elastin and collagen fibers run 

parallel to the free edge of the vocal fold. The basement membrane is attached to the 

underlying lamina propria by interlacing fibers whose density appears to depend on 

genetic factors. Thus, genetics could predispose patients to develop certain lesions, 
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such as nodules. The lamina propria has traditionally been divided into three layers 

according to the histological composition regarding elastin and collagen fibers (i.e., 

the superficial layer that corresponds to Reinke’s space in the classic description and 

the middle and deep layers that correspond to the vocal ligament). Interstitial proteins 

regulate vocal fold viscosity, which is an essential physical factor in vibration. 

Proteins also contribute to absorption of mechanical shocks caused by vibration. 

Hyaluronic acid is especially important for both viscosity regulation and shock 

absorption. The distribution of fibrous and interstitial proteins probably depends on 

the mechanical stress to which the vocal folds are subjected and may be genetically 

determined. Two of the most important cells of the lamina propria are fibroblasts and 

myofibroblasts. Fibroblasts play a key role in maintaining the integrity of the lamina 

propria. They allow replacement of proteins. Myofibroblasts are present only after 

trauma or damage requiring regeneration or repair of the extracellular matrix. This 

suggests that vocal folds are competent in repairing microscopic trauma within 36–48 

hours. It has been reported that vocal rest is useful to give myofibroblasts time to act. 
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   VOICE ASSESSMENT IN THE OUT-PATIENT DEPARTMENT   

Diagnostic evaluation:  It consist of  

1. Laryngoscopy – indirect / rigid telescopic / flexible 

fibreoptic / direct                                                                                                                        

2. Videostrobolaryngoscopy   

3. Microlaryngoscopy   

4. Videokymography  

5. high speed digital imaging  

6. Digital acoustic analysis of voice  

7. Laryngeal electromyography  

8. Contact endoscopy  

9. Autofluorescence endoscopy  

10. Narrow band imaging  

11. Optical coherence tomography  

12. Fluorescence lifetime imaging  

13. Laryngeal ultrasonography  
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METHODS OF OBJECTIVE EVALUATION OF VOICE: 

   

Table 1 – showing methods of objective evaluation of voice. 
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VIDEOSTROBOLARYNGOSCOPY 

 

Figure 12: Vocal folds viewed from above during one vibratory cycle. The anterior 

aspect of the vocal folds opens first with opening progressing posteriorly. The 

posterior aspect of the vocal folds closes first with closure progressing anteriorly  
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- Real time visualisation of vocal cord vibratory functions  

- Apparent slow motion view of vocal cord vibratory cycle , by effectively 

recording successive movements across consecutive cycle  

- In an aperiodic signal, the near-periodic assumptions do not hold, the timing of 

strobe flashes does not correspond with the phases of the glottic cycle in the 

desired sequence. This can produce completely distorted or unrealistic 

videostroboscopic sequences.   

- videostroboscopy is an acoustic analysis technique, not a true imaging technique. 

- The videostroboscopic vocal fold vibratory patterns depends on by the acoustic 

waveform, not by the actual biomechanical vibration.  

- All limitations to acoustic voice analysis are same for videostroboscopy. 

- Non ideal candidates for stroboscopy :  

           patients with 1. laryngeal tremor  

                                    2. pitch breaks  

                                    3. Diplophonia  

- Mucosal wave – seen only in stroboscopy  
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Figure 13:  Diagrammatic representation of a single vibration of the vocal folds 

(called ‘the vocal fold vibratory cycle’ or ‘the glottal cycle’). The cycle begins by the 

adduction of vocal folds (point 1) and subglottal pressure begins to build up. This 
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eventually reaches a point where the subglottal pressure overpowers fold resistance 

just enough for the vocal folds to start to blow open (point 2). A consequence of the 

open phase (points 3–7) is that subglottal pressure reduces again and the vocal fold 

resistance overpowers the airflow. This signals the start of the closing phase (point 8) 

as the folds move toward each other. Once the glottis is closed, the subglottal 

pressure begins to build up again to start the next entire glottal cycle (point 10). The 

speed quotient can be defined as the ratio of the durations of the opening phase to the 

closing phase. The open quotient can be defined as the ratio of the duration of the 

open period to the duration of the entire cycle. During the closed phase the vocal 

folds absorb the impact of their collision. The more ‘elastic’ and compliant the vocal 

folds are, the more they are able to absorb the impact 

 

- Advantages:    

o Most practical  

o Easy to preserve, use, interpret  

o Early & accurate detection of glottal pathology is possible  

o Pre & post interventional & oncologic follow up is possible  

- Disadvantages:  

o Doesn’t represent actual vibratory cycle  

o Highlights superior surface of vocal cords only  

o Don’t work in too dysphonic patients where auditory data is weak  

o Average of vocal cord vibrations, not the real vocal fold vibration.  

o Inability to visualise the under surface of a closing glottis 



40 

 

o Not useful in patients who has 

                 -  rapid changes in periodicity of voice  

                 -  Supraglottic compression  

 

Figure 14: A typical illustration of the stroboscopic sampling effect  

Principles of stroboscopy: 

The scientific principles of stroboscopy are well known but much of the classic voice 

literature mistakenly attributes the strobe effect to Talbot’s law and the persistence of 

vision. Mehta et al. recently debunked these misconceptions in a commentary which 

explained that two different visual perception phenomena actually play critical roles in 

laryngeal stroboscopy:  

1) the perception of a flicker-free, uniformly-illuminated image (satisfied at strobe 

rates above 50 Hz) and  

2) the perception of apparent motion from sampled images when no real motion exists 

(satisfied at display rates above 17 Hz).  

These two requirements are satisfied in modern videostroboscopic systems, which 

integrate stroboscopic principles with video-based technologies.  
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Videostroboscopic parameters assessed: 

1. Amplitude: Extent of lateral vocal fold displacement 

2. Mucosal wave: Extent of vocal fold tissue deformation 

3. Vibratory behavior: Presence or absence of vibration in particular locations 

4. Supraglottic activity: Extent of laryngeal compression 

5. Edge: Ratings of smoothness and straightness 

6. Vertical level: On-plane versus off-plane vocal fold contact 

7. Phase closure: Rating of open/closed phase duration 

8. Phase symmetry: Rating of left-right vibratory phase symmetry 

9. Regularity: Rating of periodicity 

10. Glottal closure: Category describing shape of the glottis at closure    
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Figure 15: Common glottal configurations: spindle(A), incomplete(B), posterior 

glottal chink(C), complete (D)  

 

Figure 16: Common glottal configurations: anterior glottal gap (E), hourglass (F).  
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Figure 17: Common glottal configurations: irregular(G). 

 

Figure 18: picture showing Vocal fold amplitude 
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Figure 19: left vocal fold cyst identified during videostroboscopy. 

 

A typical stroboscopy examination protocol includes:  

■ Modal voice (most comfortable voice in terms of  pitch and intensity) 

 – also known as chest register  

– has frequency range of 100 – 300 Hz 

■ vocal fry (has very low fundamental frequency& has longer closed phase)  

– also known as pulse register  

- has frequency range of 30 – 75Hz   

- short & fat glottal configuration with small mucosal waves & amplitude  

■ Falsetto voice (abnormally high pitched voice)   
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- vocal folds are elongated & thinner& alays maintain a open phase with small 

mucosal waves and amplitude.  

GRBAS scale: 

GRBAS is a quick, reliable and robust tool for the perceptual rating of dysphonic 

voices. It is the most widely used rating scale and is considered the minimum standard 

of perceptual evaluation in the UK. GRBAS is a 4-point scale of 0 (normal) to 3 

(extreme) for five parameters. Grade (G) represents the overall severity of the 

dysphonia; Roughness (R) is the psychoacoustic impression of irregular vocal cord 

vibration, perceived as hoarseness or harshness; Breathiness (B) is the perception of 

air leakage through the glottis; Asthenia (A) is the impression of weak voice, which 

lacks energy and strength at the level of the glottis; and Strain (S) is the 

psychoacoustic impression of laryngeal effort. As an example, a patient with reduced 

laryngeal closure due to vocal cord palsy may present with a GRBAS evaluation of 

G2R1B2A2S1, indicating a weakness at the glottis resulting in moderate breathiness 

with some laryngeal strain to compensate.  

Acoustic voice analysis: 

The average speaking frequency - 80 to 140 Hz in men 

                                                190–230 Hz in women    

                                                       280–365 Hz in children  

Mean Intensity -  75 to 80 dB.   

Jitter - intercycle variability of the frequency   
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Shimmer - intercycle variability of the amplitude   

 

VOCAL FOLD PATHOLOGIES 

 

Figure 20: Reinke’s oedema.  

Polypoid corditis, also known as Reinke’s oedema, mainly involves the superior 

surfaces of the vocal folds bilaterally. There is overproduction of superficial lamina 

propria in response to chemical exposure such as cigarette smoke. 
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Figure 21: laryngeal papilloma 

 

 

Figure 22: vocal nodule on videostroboscopic examination showing hour glass glottis.  
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There are bilateral fibrovascular masses situated in the mid-musculomembranous 

region of the vocal folds. The accumulation of mucus over the lesions is due to the 

airway forces generated around these lesions. The lesions are typically, but not 

always, symmetric in size and located at the same location on the vocal fold. Vocal 

fold nodules cause laryngeal inefficiency by allowing air to escape during phonation 

through the persistent anterior and posterior gaps. Because of the pressure leak, more 

subglottal driving pressure is necessary to achieve a loud voice.   

 

Figure 23: vocal fold polyp  

Polyps are differentiated from nodules mainly by the unilateral nature of the lesion. 

Histologically it is difficult to separate nodules from polyps. The fine vascular 
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component contributes to the reddish hue that is seen through the polyp. When the 

polyp has a large vessel network it is classified as a haemorrhagic polyp.  

 

 

Figure 24: vocal fold cyst.  

Vocal fold cysts are intracordal lesions (subepithelial) within the superficial lamina 

propria that may extend from the epithelium down to the vocal ligament. Mucous 

cysts are typically a shade of yellow and tend to be pliable. 
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Figure 25: vocal fold pseudocyst.  

unilateral localised area of Reinke’s oedema, often occurring in the mid-portion of the 

medial edge of the vocal fold.  
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Figure 26: vocal process granuloma.  

Posterior glottic granulomas, most commonly known as vocal process granulomas, are 

usually seen in the area overlying the vocal process of the arytenoid, but can also be 

seen arising on the supraglottic arytenoid. They have been known by many names, 

including contact ulcer, contact granuloma, post-intubation granuloma and vocal fold 

granuloma. It is generally accepted that granulomas in this area represent an 

exaggerated form of the healing process whereby the granuloma forms to try to 

protect the injured area at its base to allow the area to heal. They may be sessile or 

based on a narrow stalk.  

 

 

Figure 27: sulcus vocalis.  
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Sulcus vocalis is a linear groove along the free edge of the vocal fold that represents a 

significant loss of the superficial lamina propria layer.24,25 This focal loss leads to 

mucosal stiffness and can cause significant dysphonia.  

 

 

Figure 28: vocal fold paralysis. Videostroboscopy image of glottic insufficiency due 

to a right vocal fold paralysis. The right vocal fold is lateralized and a visible glottic 

gap is present during phonation.  
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Figure 29: Videostroboscopy image of bilateral vocal fold bowing due to 

presbylaryngis.  
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RESULTS AND OBSERVATION: 

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

describe about the data descriptive statistics frequency analysis, percentage analysis 

were used for categorical variables and the mean & S.D were used for continuous 

variables. To find the significant difference between the bivariate samples in 

Independent groups the Unpaired sample t-test was used. To find the significance in 

categorical data Chi-Square test was used similarly if the expected cell frequency is 

less than  5 in 2×2 tables then the Fisher’s Exact was used. In all the above statistical 

tools the probability value .05 is considered as significant level.  

 

Demographic characteristics:  

Age distribution: In this study of 60 patients, with 30 patients in each group, 80% of 

patients lie between 21 to 50 years of age & 5% of patients lie in < 20 years of age & 

remaining lie above 50 years of age. Maximum age is 58 years, Minimum age is 19 

years. Among chronic smokers, the mean age is 40.067 years & among non-smokers 

the mean age is 37.813 years.  
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Age 

        Frequency Percent 

 Up to 20 

years 
3 5.0 

21 – 30 

years 
14 23.3 

31 – 40 

years 
16 26.7 

41 – 50 

years 
17 28.3 

51 – 60 

years 
10 16.7 

Total 60 100.0 

  

Table 2: showing age distribution in numbers among both groups. 

    

Table 3: showing age distribution in percentage among both groups. 
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Group comparison with Unpaired t-test  

Groups N Mean 

Std. 

Deviation 

t-value 

P-

value 

AGE 

Smokers 30 40.067 10.3222 

0.710 

0.480 

# 
Non 

Smokers 

30 37.833 13.7843 

# No Statistical Significance at P>0.05 level 

Table 4: statistical analysis of age for significance among both group.  

 

    

Table 5: statistical analysis of age for mean value among both group.  
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Distribution of Vocal fold lesions on videolaryngoscopy : 

Among the chronic smokers, the most common lesions are reinke’s oedema (17%) 

followed by vocal nodules (13%) & vocal fold keratosis (13%); among the non-

smokers, the most common lesions are laryngitis (27%) followed by vocal nodules 

(17%), sulcus vocalis (10%), spasmodic dysphonia (10%), phonatory gap(10%).  

 

Table 6: showing distribution of Vocal fold lesions on videolaryngoscopy in both 

group. 
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 Table 7: showing distribution of Vocal fold lesions on videolaryngoscopy in chronic 

smokers 

voca l  fold polyp; 6%

voca l  fold cys t ; 7%

s ulcus vocalis ; 10%

reinke's edema ; 17%

vocal  nodules ; 13%vocal  fold keratosis ; 13%

interarytenoid 

gra nuloma ; 3%

voca l  fold paralysis ; 7%

la ryngitis ; 10%

phonatory ga p ; 7%

voca l fold papilloma ; 0%

s pasmodic dysphonia ; 

7% puberphonia ; 0%

CHRONIC SMOKERS 
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Table 8: showing distribution of Vocal fold lesions on videolaryngoscopy in non- 

smokers 

 

 

 

 

 

 

 

vocal  fold polyp; 3%

voca l  fold cys t ; 3%

s ulcus vocalis ; 10%

reinke's edema ; 7%

vocal  nodules ; 17%

voca l  fold keratosis ; 7%

interarytenoid granuloma 

; 0%
vocal  fold paralysis ; 0%

la ryngitis ; 27%

phonatory ga p ; 10%

voca l  fold papilloma ; 3%

s pasmodic dys phonia ; 

10%

puberphonia ; 3%

NON- SMOKERS
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STROBOSCOPIC PARAMETERS: 

Symmetry:  

To concise about the symmetry 30 cases studied in each group, among chronic 

smokers 13 cases (43.3%) had asymmetry while in non-smokers 4 cases (13.3%) had 

asymmetry. This data had p value of <0.05 level & it is significant.  

Symmetry  with Groups 

 

Groups 

Total 
ꭓ 2 – 

value 

P-

value 
Chronic 

Smokers 

Non 

Smokers 

symmetry 

Absent 
Count 13 4 17 

6.648 
0.020 

* 

% 43.3% 13.3% 28.3% 

Present 
Count 17 26 43 

% 56.7% 86.7% 71.7% 

Total 
Count 30 30 60 

% 100.0% 100.0% 100.0% 

* Significant  P <0 .05 level 

 Table 9: showing statistical analysis of significance for symmetry of vocal folds in 

both groups. 

 

Table 10: showing statistical analysis of significance for symmetry of vocal folds in 

both groups. 
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Periodicity:  

On observing the periodicity, it was absent in 1 case (3.3%) among chronic smokers & 

not absent in any case (0%) among non-smokers. This data had p value of  >0.05 level 

& hence insignificant. 

Periodicity  with Groups 

 

Groups 

Total 

ꭓ 2 - 

value 

P-

value 

Chronic 

Smokers 

Non 

Smokers 

Periodicity 

Absent 

Count 1 0 1 

1.017 

1.000 

# 

% 3.3% 0.0% 1.7% 

Present 

Count 29 30 59 

% 96.7% 100.0% 98.3% 

Total 

Count 30 30 60 

% 100.0% 100.0% 100.0% 

# No Statistical Significance at P>0.05 level 

Table 11: showing statistical analysis of significance for periodicity of vocal folds in 

both groups. 
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Table 12: showing statistical analysis of significance for periodicity of vocal folds in 

both groups 

 

Glottic closure:  

On observing the glottic closure patterns, among chronic smokers 17 cases (56.7%) 

had complete complete while in the non-smokers it was 24 cases (80%). This data had 

p value of >0.05 level & hence it is insignificant. 
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Glottic closure  with Groups 

 

Groups 

Total 

ꭓ 2 - 

value 

P-

value 

Chronic 

Smokers 

Non 

Smokers 

Glottic 

closure 

Anterior 

gap 

Count 1 1 2 

6.814 

0.338 

# 

% 3.3% 3.3% 3.3% 

Hour glass 

Count 1 2 3 

% 3.3% 6.7% 5.0% 

incomplete 

Count 2 0 2 

% 6.7% 0.0% 3.3% 

Irregular 

Count 1 0 1 

% 3.3% 0.0% 1.7% 

Posterior 

gap 

Count 3 1 4 

% 10.0% 3.3% 6.7% 

Ppindle 

gap 

Count 5 2 7 

% 16.7% 6.7% 11.7% 

Complete 

Count 17 24 41 

% 56.7% 80.0% 68.3% 

Total 

Count 30 30 60 

% 100.0% 100.0% 100.0% 

# No Statistical Significance at P>0.05 level 

  Table 13: showing statistical analysis of significance for glottic closure in both 

groups 
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Table 14: showing statistical analysis of significance for glottic closure in both groups 

 

Mucosal wave:  

With the observed data, regarding mucosal wave among the chronic smokers, 6 cases 

(20%) had bilaterally small wave, whereas among non-smokers no case (0%) had it; 

while small wave present in 6 cases (20%) in chronic smokers, it is present only in 2 

cases (6.6%) in non-smokers. This data had p value <0.05 level & hence it is 

significant.  
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Mucosal wave   with Groups 

 

Groups 

Total 

ꭓ 2 – 

value 

P-

value 

Chronic 

Smokers 

Non 

Smokers 

Mucosal 

wave 

Bilaterally 

small 

Count 6 0 6 

10.507 

0.033 

* 

% 20.0% 0.0% 10.0% 

Left small 

wave 

Count 4 1 5 

% 13.3% 3.3% 8.4% 

Right 

small 

wave 

Count 2 1 3 

% 6.7% 3.3% 5.0% 

Normal 

Count 18 28 46 

% 60.0% 93.3% 76.7% 

Total 

Count 30 30 60 

% 100.0% 100.0% 100.0% 

* Significant  P <0 .05 level 

  

Table 15: showing statistical analysis of 

significance for mucosal wave in both 

groups 
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Table 16: showing statistical analysis of significance for mucosal wave in both groups 
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ACOUSTIC VOICE PARAMETERS: 

Group comparison with Unpaired t-test  

Groups N Mean S.D 

t-value 

P-

value 

Fundamental 

frequency  

Smokers 30 203.13 48.44 

3.345 

0.002 

** 

Non 

Smokers 

30 164.22 44.36 

S.D of 

fundamental 

frequency  

Smokers 30 5.59 2.28 

1.758 

0.084 

# 

Non 

Smokers 

30 4.49 2.59 

Jitter (US) 

Smokers 30 102.81 33.75 

1.337 

0.191 

# 

Non 

Smokers 

30 154.30 208.19 

Shimmer 

(dB) 

Smokers 30 1.74 2.46 

2.012 

0.052 

# 

Non 

Smokers 

30 0.79 0.75 

Noise to 

harmonic 

ratio 

Smokers 30 0.17 0.15 

1.368 

0.178 

# 
Non 

Smokers 

30 0.13 0.08 

# No Sig at P>0.05 level and ** Highly Sig P <0 .01 level 

Table 17. showing statistical analysis of acoustic parameters. 
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Fundamental frequency:  

With the observed data, the fundamental frequency (F0) among chronic smokers is  

203.13Hz & in non-smokers is 164.22Hz. the observed data is < 0.01 level & hence it 

is highly significant.  

 

Table 18. showing statistical analysis of acoustic parameter- fundamental frequency 

Standard deviation of Fundamental frequency:   

Of the observed data, the standard deviation of fundamental frequency among chronic 

smokers is 5.59 & among non-smokers is 4.49. p value for this data is > 0.05 level & 

hence it is insignificant.  
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Table 19. showing statistical analysis of acoustic parameter- standard deviation of  

fundamental frequency 

Jitter:  

Of the observed data, jitter among chronic smoker is 102.81US & among non-smoker 

is 154.30US. p value for this data is > 0.05 & hence it is insignificant. 

 

Table 20. showing statistical analysis of acoustic parameter- jitter. 
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Shimmer:  

Of the observed value, shimmer among the chronic smoker is 1.74 & among non-

smoker is 0.79. p value for this data is < 0.05 & hence it is significant.  

 

Table 21. showing statistical analysis of acoustic parameter- shimmer  

Noise to Harmonic ratio:  

Of the observed data, noise to harmonic ratio of chronic smokers is 0.17 & among 

non-smoker it is 0.13. p value for this data is > 0.05 level & hence it is insignificant.  

 

Table 22. showing statistical analysis of acoustic parameter- Noise to harmonic ratio. 
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GRBAS Scale : 

        

Grade with Groups 

 

Groups 

Total 

ꭓ 2 - 

value 

P-

value Smokers 

Non 

Smokers 

Grade 

0 

Count 5 18 23 

13.289 

0.001 

** 

% 16.7% 60.0% 38.3% 

1 

Count 22 12 34 

% 73.3% 40.0% 56.7% 

2 

Count 3 0 3 

% 10.0% 0.0% 5.0% 

Total 

Count 30 30 60 

% 100.0% 100.0% 100.0% 

** Highly Sig P <0 .01 level 
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Roughness with Groups 

 

Groups 

Total 

ꭓ 2 - 

value 

P-

value Smokers 

Non 

Smokers 

Roughness 

0 

Count 12 22 34 

7.075 

0.029 

* 

% 40.0% 73.3% 56.7% 

1 

Count 14 7 21 

% 46.7% 23.3% 35.0% 

2 

Count 4 1 5 

% 13.3% 3.3% 8.3% 

Total 

Count 30 30 60 

% 100.0% 100.0% 100.0% 

* Significant  P <0 .05 level 
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 Breathiness with Groups 

 

 

Groups 

Total 

ꭓ 2 - 

value 

P-

value 

 

Smokers 

Non 

Smokers 

 

Breathiness 

0 

Count 25 24 49 

0.354 

0.838 

# 

 % 83.3% 80.0% 81.7% 

 

1 

Count 4 4 8 

 % 13.3% 13.3% 13.3% 

 

2 

Count 1 2 3 

 % 3.3% 6.7% 5.0% 

 

Total 

Count 30 30 60 

 % 100.0% 100.0% 100.0% 

 # No Statistical Significance at P>0.05 level 
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 Asthenicity with Groups 

 

 

Groups 

Total 

ꭓ 2 - 

value 

P-

value 

 

Smokers 

Non 

Smokers 

 

Asthenicity 

0 

Count 17 24 41 

4.195 

0.123 

# 

 % 56.7% 80.0% 68.3% 

 

1 

Count 12 6 18 

 % 40.0% 20.0% 30.0% 

 

2 

Count 1 0 1 

 % 3.3% 0.0% 1.7% 

 

Total 

Count 30 30 60 

 % 100.0% 100.0% 100.0% 

 # No Statistical Significance at P>0.05 level 
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 Strain with Groups 

 

 

Groups 

Total 

ꭓ 2 - 

value 

P-

value 

 

Smokers 

Non 

Smokers 

 

Strain 

0 

Count 9 16 25 

5.46 

0.065 

# 

 % 30.0% 53.3% 41.7% 

 

1 

Count 18 14 32 

 % 60.0% 46.7% 53.3% 

 

2 

Count 3 0 3 

 % 10.0% 0.0% 5.0% 

 

Total 

Count 30 30 60 

 % 100.0% 100.0% 100.0% 

 # No Statistical Significance at P>0.05 level 

 

Table 23 – statistical analysis of significance for GRBAS scale. 

From the above observed date GRBAS scale appears significant, particularly the grade 

& roughness.  
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DISCUSSION  

The purpose of this study was to compare the larynges of young adult male smokers 

and non-smokers in regard to structure and function via videostroboscopic evaluation 

& acoustic voice analysis.  

Videostroboscopy and voice acoustic analysis one of the emerging method in voice 

examination. It helps in diagnosing and deciding the management vocal fold lesions. 

Besides Videostroboscopy providing qualitative information regarding the vocal fold 

pathologies, acoustic voice analysis quantifies the voice disturbance produced by the 

pathology.  Such that these techniques can be   

- Applied to study the effects of etiologies of voice disorders  

- Used in the pre-operative & post-operative period too for knowing treatment 

outcome.   

 

A study on  Videostroboscopic Characteristics of Young Adult Female in  

Smokers vs. Nonsmokers by Shaheen N. Awan and Danelle L. Morrow showed that a  

significant relationships exist between smoking and the increased presence of edema, 

erythema, and abnormal laryngeal color. In addition, smokers were observed to have 

significantly more occurrences of abnormal phase symmetry and increased 

glottal gap size during the closed phase of phonation. Glottal gap size was 

significantly correlated with the number of cigarettes smoked in the lifetime.   



77 

 

Another study by Hansa Banjara et al on  Objective and Subjective Evaluation of 

Larynx in Smokers and Nonsmokers tells that Videostroboscopic examination results 

showed significant relationships between smoking and abnormal vocal fold edge, 

abnormal texture, edema, erythema, abnormal mucosal cover, abnormal phase 

symmetry and abnormal pliability/stiffness. Voice analysis showed that smoking has a 

clear effect on some acoustic voice. The parameters most commonly affected by 

smoking are fundamental frequency (F0), jitter, shimmer, F0 tremor, normalized noise 

energy, signal noise ratio, maximum phonation time (MPT), s/z ratio, opening rate and 

closing rate. The results indicate that smoking has a significant effect on laryngeal 

structures and phonatory physiology.  

One another study regarding the effects of smoking on the speaking fundamental 

frequency of adult women by Harvey R. Gilbert & Gary G. Weismer showed that the 

fundamental frequency for the smokers was significantly lower than fundamental 

frequency for the nonsmokers. Eighty-seven percent of the smokers examined by an 

otolaryngologist exhibited some abnormality in appearance of vocal folds.  

 

With all these data from prior studies, we approached the data we got from our study.   

- P value for age distribution among groups is 0.480 which is insignificant. It 

implies age is not a significant factor in determining the risk of voice disorders.  

- Coming to the videostroboscopy parameters, p value for symmetry of vocal folds 

is 0.02 & for mucosal wave is 0.033. Hence both are significant, while all other 

parameters are insignificant. It implies, among the stroboscopic parameters, 
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symmetry & mucosal wave are well indicating the vocal fold disturbances 

developing secondary to chronic smoking.  

                                            However, in contradiction to the study on 

videostroboscopic Characteristics of Young Adult Female in Smokers vs. 

Nonsmokers by Shaheen N. Awan and Danelle L. Morrow, in our study glottic closure 

was insignificant.  

- Among the acoustic voice parameters, p value for the fundamental frequency is 

0.002 & for shimmer is 0.05. Hence both are significant to distinguish the changes 

developing in the acoustic voice parameters following exposure to smoking.  

                                        In the meanwhile, the mean value of fundamental 

frequency in non-smokers is 164.22 & for smokers is 203.13 indicating the 

fundamental frequency of smokers is significantly higher following exposure to 

smoking, which is in contradiction to the study of effects of smoking on the 

speaking fundamental frequency of adult women by Harvey R. Gilbert & Gary G. 

Weismer where the fundamental frequency of smoker females is significantly 

lower than that of non-smoker female. 

- In GRBAS scale data we have, the p value for grade is 0.001 & roughness is 

0.029, indicating both are significant in denoting the effects of smoking on voice 

quality by perceptual voice evaluation.   
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CONCLUSION   

In videostroboscopic parameters,  

� in the symmetry 30 cases studied in each group, among chronic smokers 13 cases 

(43.3%) had asymmetry while in non-smokers 4 cases (13.3%) had asymmetry. 

Statistically significant. 

�  regarding mucosal wave among the chronic smokers, 6 cases (20%) had 

bilaterally small wave, whereas among non-smokers no case (0%) had it; while 

small wave present in 6 cases (20%) in chronic smokers, it is present only in 2 

cases (6.6%) in non-smokers. Statistically insignificant. 

� On observing the periodicity, it was absent in 1 case (3.3%) among chronic 

smokers & not absent in any case (0%) among non-smokers. Statistically 

insignificant.  

� On observing the glottic closure patterns, among chronic smokers 17 cases 

(56.7%) had complete complete while in the non-smokers it was 24 cases (80%). 

Statistically significant. 

In acoustic voice analysis,  

� With the observed data, the fundamental frequency (F0) among chronic smokers is  

203.13Hz & in non-smokers is 164.22Hz.  &  it is highly significant.  

� Of the observed data, the standard deviation of fundamental frequency among 

chronic smokers is 5.59 & among non-smokers is 4.49. & it is insignificant 
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� Of the observed data, jitter among chronic smoker is 102.81US & among non-

smoker is 154.30US. & it is insignificant. 

� Of the observed value, shimmer among the chronic smoker is 1.74 & among 

non-smoker is 0.79. &  it is significant.  

� Of the observed data, noise to harmonic ratio of chronic smokers is 0.17 & 

among non-smoker it is 0.13.&  it is insignificant.  

GRBAS SCALE : 

� Of observed data ,using GRBAS scale  , In smoker GRADE abnormal in 25 

cases and normal in 5 cases . And in non smokers GRADE abnormal in 12 

cases & normal in 18 cases . 

� Of observed data ,using GRBAS scale  , In smoker ROUGHNESS abnormal in 

18 cases and normal in 12 cases . And in non smokers BREATHINESS 

abnormal in 8 cases & normal in 22 cases . 

� Of observed data ,using GRBAS scale  , In smoker BREATHINESS abnormal 

in 5 cases and normal in 25 cases . And in non smokers BREATHINESS 

abnormal in 12 cases & normal in 18 cases . 

� Of observed data ,using GRBAS scale  , In smoker ASTHENICITY abnormal 

in 13 cases and normal in 17 cases . And in non smokers ASTHENICITY 

abnormal in 6 cases & normal in 24 cases . 
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� Of observed data ,using GRBAS scale  , In smoker STRAIN abnormal in 21 

cases and normal in 9 cases . And in non smokers BREATHINESS abnormal 

in 14 cases & normal in 16 cases . 

In our study , among videostroboscopy parameter symmetry and mucosal wave 

are significant and other parameters are insignificant . In acoustic voice analysis , 

the parameters -fundamental frequency and shimmer are significant and others are 

insignificant . In GRBAS scale , GRADE & ROUGHNESS  are significant and 

others are insignificant. Using videostroboscopy and acoustic voice analysis , 

though some parameter are insignificant , these two modalities  in combination  is 

useful to find out & evaluate the early mucosal lesion of the vocal folds.    
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name age / sex smoker / non smoker grade roughness breathiness asthenicity strain name age / sex smoker / non smoker grade roughness breathiness asthenicity strain

suresh 35 / m smoker 1 1 0 1 0 surya 20 / m non smoker 0 0 0 0 1

surya 30 / m smoker 1 1 0 0 0 karthikeyan 37 / m  non smoker 1 0 0 0 0

sarath 42/m smoker 1 1 0 0 1 krishnan 38 / m non smoker 0 0 0 1 1

suresh 31 /m  smoker 1 0 0 1 0 narayanaswamy 44 / m non smoker 1 0 0 0 0

udhayakumar 25/m smoker 0 0 0 1 0 shankar 46 / m non smoker 1 1 0 0 1

inaithullah 58 /m smoker 2 2 2 1 2 nirmal 47 /m non smoker 1 0 0 0 0

senthil 32/ m smoker 1 0 0 0 1 andrew 22 /m non smoker 0 0 0 1 0

karthik 27 / m smoker 1 1 0 0 1 sarath kumar  21/M non smoker 0 0 0 0 1

selvamani 50 /m smoker 1 1 0 0 0 chakkarapani 58 / m non smoker 0 0 1 0 0

saravanan 31 / m smoker 1 1 0 0 1 balaraman 54 / m non smoker 1 0 0 0 0

krishnan 52/ m smoker 2 2 1 1 1 vijay 22 /m non smoker 0 0 0 0 1

aasai thambi 48 / m smoker 0 0 0 1 0 vikraman 52 / m non smoker 0 0 2 0 1

anjaiah 45 /m smoker 1 1 1 0 1 gopalakrishnan 48 /m non smoker 1 1 0 0 0

loganathan 33 /m smoker 1 1 0 1 1 pakiriswamy  53 /m non smoker 0 2 2 0 0

kumaran 25 / m smoker 1 1 0 1 1 pushparajan 55 / m non smoker 1 0 0 0 1

pushpa kumar 41 / m smoker 0 0 0 0 1 prasanth 25 /m non smoker 0 0 1 0 0

manoj 38 / m smoker 1 0 0 1 0 shanthakumar 40 / m non smoker 1 0 0 0 1

ramesh kumar 35 / m smoker 1 0 0 0 1 vijay kumar  34 / m non smoker 1 0 0 0 1

lokesh 31 /m smoker 0 0 0 0 1 rangan 40 /m non smoker 1 1 0 0 0

rajkumar 23 / m smoker 1 0 0 0 1 saravanan 38/m non smoker 0 1 0 0 0

devakumar 45 / m smoker 1 0 0 1 1 arun 28 /m non smoker 0 0 0 0 1

baskar 50 / m smoker 1 1 0 0 1 ravi 49 /m non smoker 0 1 1 1 0

vasanth 30 / m smoker 0 0 0 1 1 vimal raj 27 / m non smoker 0 0 0 1 1

aasif 48 / m smoker 1 1 1 0 0 manikandan 50 / m non smoker 1 0 0 0 1

peter 40 / m smoker 1 1 0 0 1 pavithran 19 / m non smoker 0 0 0 1 0

subramani 56 /m smoker 1 0 0 0 1 vasu 31 /m non smoker 0 1 1 0 1

ezhumalai 45/m smoker 1 1 1 0 0 nagaraj 30 / f non smoker 1 0 0 0 0

sufian 50 / m smoker 1 1 0 0 1 manickam 21 / m non smoker 0 0 0 0 1

aarumugam 54/m smoker 2 2 0 2 2 amul 20 /m non smoker 0 0 0 1 0

govindraj 52/m smoker 1 2 0 1 2 devan 44 / m non smoker 0 1 0 0 0



name age / sex smoker / non smoker symmetry mucosal wave  glottic closure periodicity name age / sex smoker / non smoker symmetry mucosal wave  glottic closure periodicity 

suresh 35 / m smoker present normal complete present surya 20 / m non smoker present normal complete present 

surya 30 / m smoker present normal complete present karthikeyan 37 / m  non smoker present normal complete present 

sarath 42/m smoker present normal complete present krishnan 38 / m non smoker present normal posterior gap present 

suresh 31 /m  smoker present normal complete present narayanaswamy 44 / m non smoker present normal complete present 

udhayakumar 25/m smoker present normal complete present shankar 46 / m non smoker present normal hour glass present 

inaithullah 58 /m smoker absent left small wave incomplete present nirmal 47 /m non smoker present normal complete present 

senthil 32/ m smoker absent normal posterior gap present andrew 22 /m non smoker present normal complete present 

karthik 27 / m smoker present normal complete present sarath kumar  21/M non smoker present normal complete present 

selvamani 50 /m smoker present normal posterior gap present chakkarapani 58 / m non smoker absent left small wave spindle gap present 

saravanan 31 / m smoker absent right small wave  incomplete present balaraman 54 / m non smoker absent normal hour glass present 

krishnan 52/ m smoker absent bilaterally small hour glass present vijay 22 /m non smoker present normal anterior gap present 

aasai thambi 48 / m smoker absent right small wave  spindle gap present vikraman 52 / m non smoker present normal complete present 

anjaiah 45 /m smoker absent left small wave complete present gopalakrishnan 48 /m non smoker present normal complete present 

loganathan 33 /m smoker present normal complete absent pakiriswamy  53/m non smoker absent right small wave spindle gap present 

kumaran 25 / m smoker present normal complete  present pushparajan 55 / m non smoker present normal complete present 

pushpa kumar 41 / m smoker present normal complete present prasanth 25 /m non smoker present normal complete present 

manoj 38 / m smoker present normal complete present shanthakumar 40 / m non smoker present normal complete present 

ramesh kumar 35 / m smoker present normal complete present vijay kumar  34 / m non smoker present normal  complete present 

lokesh 31 /m smoker absent left small complete present rangan 40 /m non smoker  present normal complete present 

rajkumar 23 / m smoker present normal complete present saravanan 38/m non smoker present normal complete present 

devakumar 45 / m smoker present normal complete present arun 28 /m non smoker present normal complete present 

baskar 50 / m smoker absent bilaterally small irregular present ravi 49 /m non smoker present normal complete present 

vasanth 30 / m smoker present normal  complete present vimal raj 27 / m non smoker present normal complete present 

aasif 48 / m smoker present normal posterior gap present manikandan 50 / m non smoker absent normal complete present 

peter 40 / m smoker absent bilaterally small spindle gap present pavithran 19 / m non smoker present normal complete present 

subramani 56 /m smoker absent left small wave anterior gap present vasu 31 /m non smoker present normal complete present 

ezhumalai 45/m smoker absent bilaterally small spindle gap present nagaraj 30 / f non smoker present normal complete present 

sufian 50 / m smoker present normal complete present manickam 21 / m non smoker present normal complete present 

aarumugam 54/m smoker absent bilaterally small spindle gap present amul 20 /m non smoker present normal complete present 

govindraj 52/m smoker absent bilaterally small spindle gap present devan 44 / m non smoker present normal complete present 



name age / sex smoker / non smoker fundamental frequency (Hz)standard deviation of fundamental frequency (Hz)jitter (US) shimmer (dB) noise to harmonic rationame age / sex smoker / non smoker fundamental frequency (Hz) standard deviation of fundamental frequency (Hz)jitter (US) shimmer (dB) noise to harmonic ratio

suresh 35 / m smoker 151.77 2.25 109.66 0.09 0.70703 surya 20 / m non smoker 145.45 1.34 205.05 0.54 0.213

surya 30 / m smoker 146.83 2.52 29.31 0.05 0.1982 karthikeyan 37 / m  non smoker 156.12 2.32 68.92 1.23 0.1326

sarath 42/m smoker 173.78 2.88 96.83 0.01 0.0583 krishnan 38 / m non smoker 156.54 5.03 36.22 0.62 0.1232

suresh 31 /m  smoker 174.16 1.87 17.65 0 0.1525 narayanaswamy 44 / m non smoker 202.52 3.23 38.32 0.06 0.0321

udhayakumar 25/m smoker 146.74 5.43 29.21 0.02 0.1817 shankar 46 / m non smoker 134.74 1.88 121.67 0.03 0.1054

inaithullah 58 /m smoker 261.67 7.26 129.19 5.82 0.3433 nirmal 47 /m non smoker 125.62 2.42 170.62 1.32 0.134

senthil 32/ m smoker 249.91 5.24 113.43 7.98 0.3771 andrew 22 /m non smoker 134.75 1.52 202.32 1.61 0.3254

karthik 27 / m smoker 240.23 5.17 109.13 6.01 0.2422 sarath kumar 21 /m non smoker 136.98 6.03 34.24 0.83 0.1527

selvamani 50 /m smoker 270.3 8.98 113.3 0.026 0.3905 chakkarapani 58 / m non smoker 148.18 7.07 60.1 1.39 0.1219

saravanan 31 / m smoker 168.83 4.11 177.61 0.08 0.0654 balaraman 54 / m non smoker 154.6 3.63 64.48 0.74 0.1096

krishnan 52/ m smoker 278.92 7.736 155.11 0.104 0.091 vijay 22 /m non smoker 162.03 1.98 30.11 0.05 0.0125

aasai thambi 48 / m smoker 150.92 2.52 102.121 0.1 0.0896 vikraman 52 / m non smoker 157.23 1.23 67.23 0.06 0.0453

anjaiah 45 /m smoker 149.49 1.58 89.52 0.83 0.127 gopalakrishnan 48 /m non smoker 84.77 1.45 216.45 1.71 0.1647

loganathan 33 /m smoker 180.28 9.19 100.19 1.09 0.1018 pakiriswamy 53 /m non smoker 146.01 6.55 405.78 1.93 0.0847

kumaran 25 / m smoker 170.89 7.234 70 4.79 0.1732 pushparajan 55 / m non smoker 204.23 3.64 204.23 1.83 0.0675

pushpa kumar 41 / m smoker 234.87 5.15 74.97 0.77 0.0985 prasanth 25 /m non smoker 148.8 6.72 178.98 1.06 0.197

manoj 38 / m smoker 227.7 7.64 111.19 0.17 0.0501 shanthakumar 40 / m non smoker 212.34 5.07 7.82 0.31 0.1012

ramesh kumar 35 / m smoker 175.45 6.26 102.56 0.34 0.04321 vijay kumar  34 / m non smoker 158.06 2.02 38.91 0 0.0885

lokesh 31 /m smoker 148.28 7.45 105.78 0.05 0.0742 rangan 40 /m non smoker 86.3 7.37 1141.35 2.44 0.3397

rajkumar 23 / m smoker 167.54 5.45 108.25 1.23 0.0342 saravanan 38/m non smoker 202.12 1.43 206.3 1.34 0.075

devakumar 45 / m smoker 230.72 5.67 116.2 0.63 0.0845 arun 28 /m non smoker 231.12 4.03 206.23 2.15 0.0564

baskar 50 / m smoker 245.43 2.59 90.4 4.23 0.0752 ravi 49 /m non smoker 143.23 6.12 168.3 0.43 0.0786

vasanth 30 / m smoker 154.45 6.25 123.63 0.26 0.2344 vimal raj 27 / m non smoker 186.56 7.16 166.23 1.23 0.1243

aasif 48 / m smoker 251.15 7.23 112.43 5.23 0.0452 manikandan 50 / m non smoker 212.42 3.52 36.34 0.06 0.143

peter 40 / m smoker 260.23 4.31 115.87 4.67 0.0875 pavithran 19 / m non smoker 134.65 8.54 145.34 0.32 0.0546

subramani 56 /m smoker 139.65 5.34 104.45 0.57 0.3211 vasu 31 /m non smoker 174.23 2.32 64.33 0.05 0.1231

ezhumalai 45/m smoker 275.52 8.28 94.67 6.03 0.2212 nagaraj 30 / m non smoker 273.13 10.14 14.1 0.07 0.043

sufian 50 / m smoker 170.49 7.02 145.38 0.54 0.0764 manickam 21 / m non smoker 193.47 7.67 75.31 0.07 0.1719

aarumugam 54/m smoker 240.86 5.77 123.32 0.34 0.034 amul 20 /m non smoker 86.23 5.02 243.67 0.23 0.2314

govindraj 52/m smoker 256.81 9.39 113.01 0.07 0.224 devan 44 / m non smoker 234.12 8.14 10.13 0.13 0.112
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