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SUMMARY

Introduction: Smoking is highly aggressive and the vocal tract is one of the main risk factors for cancer of the larynx.

The tobacco may lead to irritation of the vocal tract, edema in the vocal cords, hoarseness, coughing,

increased secretion and infections.

Objective: To evaluate the dimensions of the vocal cords in elderly smokers and male non-smokers.

Method: We studied 15 male corpses, aged from 60 to 90 years, 8 of whom were non-smokers and 7 smokers.

For data collection, four sequential steps were followed: 1st) Clinical history of the corpse; 2nd) Removal

of the larynx, 3rd) Dissection of the larynx and 4th) Morphometry of the vocal cords dimensions.

Results: There was no statistically significant difference as for the morphology of the vocal cords dimensions

between elderly smokers and nonsmokers, and the length (p = 0.58), width (p = 0.72) and thickness

(p = 0.65) were equivalent between both groups.

Conclusion: We confirmed it’s macroscopically impossible to find differences caused by smoking in the three

dimensions of the vocal cords, however, in the histology, smokers are proved to be more susceptible

to findings regarding dysplasia and neoplasms in the vocal cords tissue with problems in voice quality.
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INTRODUCTION

Aging is a complex, dynamic and progressive process,

in which there are morphological, functional, biochemical

and psychological modifications (1). This process is

determined by various factors that are present since the

birth, keep on developing along the years and have a large

variation between individuals (2, 3, 4).

One of the aging variability factors are the habits

harmful to health, amongst which, smoking, that may

interfere or accelerate the development stage and is taken

as one of the most critical public health problems of

mankind (5). Today smoking causes one third of all deaths

by cancer in many western countries (6). And most

smokers are in the developed countries (5).

Smoking is highly aggressive to the vocal tract

and is one of the main risk factors for cancer of larynx.

It may lead to the vocal tract irritation, vocal cords

edema, hoarseness, coughing, increase of secretion

and infections (4). Moreover, the smokers more stuck

to the addiction have more damages in the quality of

life and present symptoms such as depression and

anxiety (7).

The larynx tissues are affected by smoking (8).

Larynx was taken as the organ most sensitive to

histopathological changes after exposure to cigarette smoke.

We found diffuse squamous metaplasia of the

pseudostratified epithelium and squamous hyperplasia in

the epiglottis base, depending on the dose (9).

Therefore, since smoking is harmful for the vocal

cords and a few studies describe the macroscopic changes

in such structures, it’s crucial to investigate the possible

morphological changes caused to the three dimensions of

the vocal cords of elderly people with and without adhesion

to this habit. The objective of this research is to evaluate the

vocal cords dimensions in smoker and non-smoker elderly

people of the male sex.

METHOD

15 male corpses were part of the study, and they

were 7 smokers and 8 non-smokers, in the age range from

60 to 90 years, from the Death Verification Service (DVS).

It was an experimental study.

The cases selected met the inclusion and exclusion

criteria. In the research, we included non-violent death

victims with up to 24 post-mortem hours and aged over 60

years.

We excluded individuals younger that 60 years old

previously submitted to tracheostomy, laryngeal surgery,

radiotherapy in the cervico-facial region, affected by

benignant or malignant neoplasms in the cervicothoracal

region or any pathology that affected the laryngeal region.

For data collection, four sequential steps were

followed:

1st) The clinical history of the corpse: we made notes in the

vocal cords morphometry protocol (Annex A),

specifically prepared for the research, in order to

document the corpse’s general data and clinical history.

2st) Larynx removal: after selection and completion of the

protocol, during autopsy of the corpse we carried out

the removal of the larynx through incision in the skin

of the upper thoracic region and raising of the

cervicothoracal cutaneous piece. The larynx was

removed in block after section on the hyoid bone and

to the level of the fourth tracheal ring.

3rd) Larynx removal: the larynx was dissected carefully and

the larynx extrinsic musculature, vessels and nerves

were removed.

4th) Vocal cards dimensions morphometry: the dissected

larynxes were not fixed by any kind of substance, so

as to prevent deformations to the tissue and changes

to the measures.
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Annex A. Vocal cords morphometry protocol.

Nº_________ Date:_____/____/_______

Autopsy Identification Data

Date of Death______/_____/________

Time: _____________________

Age: ______________________

Birth Date ____/____/_____

Sex: M (   ) F(   )

Clinical History: ________________________________

____________________________________________

____________________________________________

Vocal Habits

Smoking: Yes (    ) No (    )

Alcohol: Yes (    ) No (    )

Profession: ___________________________________

Note: ________________________________________

____________________________________________

Morphometry

Right Vocal Cord

Length (Hp): __________________________________

Width (He): ___________________________________

Thickness (He): ________________________________

Legend:

Hp = Digital slide gauge depth rod

He = Digital slide gauge External Rod
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The localization points between the dimensions of

the vocal cords membranous portion were based on a

morphometrical study of the vocal cords (10) and the

measures carried out by the same researcher in order to

avoid vices. The measures were carried out in millimeters

with Stainless Hardened digital slide gauge of 0.01mm of

accuracy.

The measures order was made in the following

sequence: width, thickness and length at the right and left

sides respectively.

The length was measured with the digital slide

gauge depth rod with localization since the vocal cord

insertion in the thyroid cartilage, below the epiglottis

petiole, up to its insertion in the vocal process of the

arytenoid cartilage.

The width was measured with the digital slide gauge

external rod with localization set forth with the distance

comprised between the free edge and the transition

between the vocal linking and the laryngeal ventricle floor.

The thickness was measured with the digital slide

gauge external rod with localization defined as the distance

between two parallel plans draw at the upper or lower part

of the thyroarytenoid muscle (TA).

The data collected were organized in the Microsoft

Excel 2003 and distributed in the form of tables and graphic

for a better view. For analysis of the data we applied

parametric tests such as the t of Student in the comparisons

as for the vocal cords dimensions and smoking. We

considered the significance index of 95% (p<0.05). The

statistical program used was BioStat version 5.0. For ethical

considerations this research was approved by the Ethics

Committee in Research with Human Beings with register

no. 309/07.

Graphic 1. Vocal cords length average comparison in smoker

and non-smoker elder people of the male sex.

Graphic 2. Vocal cords width average comparison in smoker

and non-smoker elder people of the male sex.

Graphic 3. Vocal cords thickness average comparison in

smoker and non-smoker elder people of the male sex.

RESULTS

In Graphic 1, we observed the average comparison

of the vocal cords length of elder smokers, that was of

15.61mm and of non-smokers of 16.16mm. In the statistical

calculation through test t Student (p<0.05), the significance

index was of p=0.58, and there was no significant statistical

difference between both groups. Thus, the length was not

changed by the smoking effect.

In Graphic 2, we may view the vocal cords length

measures comparison between the smoking elders group

with an average of 2.37mm and non-smokers group of

2.36mm, in which the significance index was of p=0.72;

therefore there was no significant difference in this

measurement in the groups studied. The width between

smokers and non-smokers was equivalent.

As for the vocal cords thickness measurement in the

elders, the smoking group average was of 2.66mm and that

of non-smokers was of 2.50mm. We may identify in

Graphic 3 that there was no significant statistical difference
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between the groups (p=0.65). However, the average

shows a thickness minimally higher in the smoking group.

DISCUSSION

Today 1.3 billion of the world population is of

smokers. Out of whom, approximately one billion is of the

male sex.

In the elderly smokers group, the vocal cords length

ranged from 13.27mm-18.54mm with an average of

15.61mm; in the non-smokers group it ranged from

13.62mm-17.81mm with an average of 16.16mm. In the

adult man the membranous portion of the vocal cords

ranges from 11.5mm to 16mm (11). According to Graphic

1, which describes the comparison of the vocal cords

length average of smoker and non-smoker elders, there

was no significant change in the length.

The literature shows (11) that the longer the

vocal cords length is, the lower is the fundamental

frequency, which makes the voice graver. In the elderly

people, other studies indicate an increase of the funda-

mental frequency in non-smoking man and a decrease in

women (12) due to the aging process that causes

anatomic and physiologic changes in the larynx and

vocal cords (13). According to some authors, one of the

anatomic changes is the shortening of the vocal cords

length that occurs with aging and was observed through

histological study (3).

Some authors confirmed (14) a significant difference

between the fundamental frequency of smoking and non-

smoking adult men in the oral reading and in the spontaneous

speech. The smokers had a lower fundamental frequency

than the non-smoking values and in the women the trend

was the same.

In a longitudinal study (15) with 11 men aged

from 50 to 81 years during 5 years, male smokers had a

lower fundamental frequency than non-smokers of the

same sex, but this seemed to be reversible for those who

would have quit smoking. We assume this capacity of

reversibility is due to the diminishment of the edema

caused by the smoke (4), and makes the voice less

grave after ceasing smoking. Other authors (16)

researched the fundamental frequency before, during

and after a period of 40 hours without smoking and

confirmed the smoking effects may be reverted after 40

hours of smoking ceasing. Despite the measurements

were made with up to 24 hours post-mortem, the

information granted by the relatives on the time of

smoking of the researched individuals was many times

imprecise, which may have influenced our findings.

As for the passive smoking, studies (17) showed

that the vocal cord function and structure were not changed

negatively by this exposure. However, another research

carried out with (18) rats exposed to cigarettes confirmed

there was hyperplasia and squamous metaplasia in the free

extremity of the vocal cords and squamous hyperplasia in

the vocal cord medial portion and concluded the passive

inhaling of cigarette smoke caused critical morphological

changes in the vocal cord epithelium and could progress

into neoplasm.

In our study, the possible histological alterations in

the vocal cords structure were not evaluated, because the

objective was focused on the macroscopic aspect,

considering the absence of studies in this matter.

Researchers (19) evaluated the effect of smoking

on the voice of 134 young smokers and non-smoker with

short time of smoking and suggested a possible neurological

effect of nicotine or some other chemical component of

the tobacco due to the fundamental frequency disturbance

in both sexes, mainly in women and the vocal trembling

present in men.

Graphic 2 presents the width average comparison

in elderly smokers and non-smokers of the male sex. The

smoking provokes edema (4) in the vocal cords and

reduction of the fundamental frequency (16). Reinke’s

Edema is a diffuse lesion of the vocal cords characterized

by the increase of the vocal cord mass by fluid that leads

to a grave pitch (20) and is associated to the consumption

of tobacco, that is, its occurrences in smokers is high. A

research (21) showed that the this disease clinical

manifestation relates to the number of cigarettes smoked

per day, that is, the longer the duration of the exposure to

the cigarette smoke, the higher the level of histological

harm. Therefore, it was suggested the width dimension

could be committed in some degree in smoking individuals;

however, by the macroscopic morphometry there was no

statistically significant difference in the results.

As for the vocal cords thickness dimension of

smoking and non-smoking elders, in Graphic 3 we viewed

there was no significant difference between the groups.

However, studies (8) show there is a thickness increase of

the smokers and etilists vocal cords epithelium, when

compared to the same tissue of non-smoker and non-

etilists. Therefore, the smoking-alcohol association may

make morphological changes potential, but the differences

found must be limited to the microscopic level.

The cigarette smoke represents an important

accelerator of the aging process, whether directly through

complex mechanisms predominantly measured by the

excessive formation of free radicals, or indirectly, which
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favors the appearing of several pathologies having the

smoking as a risk factor, such as: cancer, cardiovascular and

respiratory diseases (22).

Today, at least, 15% of the total cancer cases are

ascribable to smoking. The tobacco products, among the

most consumed ones, the cigarettes, contain more than 50

carcinogenic established or identified substances and these

may increase the risk of cancer for causing mutations that

disturb the cellular cycle regulation, or through their effects

on the immune or endocrinal system. Some factors like

genes, the diet and environmental exposures may change

the smokers cancer susceptibility (23).

The association between smoking and cancer is

already broadcast. In addition to cancers already proved to

be associated to smoking, such as larynx, lung, oral cavity,

pharynx, esophagus, pancreas, bladder and renal pelvis,

some studies show the tendencies to other cases, such as

nasal cavity and paranasal sinuses cancer, nasopharynx,

stomach, liver, kidneys (renal cells carcinoma), mouth of

uterus, esophagus adenocarcinoma and myeloid leukemia

(6). Due to this fact, non-smokers seem to be able to retard

the appearing of diseases and the aging process, and reach

longevity (22).

The complexity of the aging process and the

method used are responsible for the variability of scientific

findings in the elderly population.

We suggest studies with a larger sample, and, if

possible, associated to more details of the clinical history

regarding smoking such as time, type of smoke, quantity

and association to alcohol.

CONCLUSION

According to the results obtained, we may conclude

that by means of the vocal cords macroscopy morphometry

we found no significant differences between the dimensions

of length, width and thickness in smoking and non-

smoking male elderly people.
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