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Abstract

Objective. To describe the findings on the presbylarynx under
scanning electron microscopy.

Study Design. Cadaver study.

Setting. Universidade Estadual Paulista (Botucatu, São Paulo, Brazil).

Subjects and Methods. Sixteen vocal folds were removed
during necropsies and distributed into 2 age groups: control
(n = 8; aged 30-50 years) and elderly (n = 8; aged 75-92
years). The right vocal fold was dissected, fixed in glutaral-
dehyde 2.5%, and prepared for scanning electron micro-
scopy. The thickness of the epithelium was measured using a
scandium morphometric digital program.

Results. In the control group, the epithelium had 5 to 7 over-
lapped cell layers, rare desquamation cells, and little undulation
with protruding intercellular junctions. The lamina propria
showed a uniform network of collagen and elastic fibers in the
superficial layer. A dense network of collagen was identified in
the deeper layer. In the elderly group, the epithelium was
atrophic (2-3 cells), with more desquamation cells and intercel-
lular junctions delimited by deep sulci. The epithelial thickness
was lower in elderly than in controls (mean [SD], 221.64
[145.90] mm vs 41.79 [21.40] mm, respectively). The lamina
propria had a dense and irregular distribution of collagen and
elastic fibers in the superficial layer. In the deep layers, the col-
lagen fibers formed a true fibrotic and rigid skeleton.

Conclusion. Scanning electron microscopy identified several
changes in the elderly larynx, differentiating it from the con-
trols. These alterations are probably related to the aging
process of the vocal folds. However, the exact interpreta-
tion of these findings requires additional studies, even to the
molecular level, having the fibroblasts as targets.
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P
resbyphonia is a set of vocal changes secondary to

aging of laryngeal structures.1 Under such conditions,

the aged voice acquires some peculiar features that

indicate the age of the speaker, even on the telephone. The

intensity of vocal symptoms in the elderly and the time of

their appearance depend on individual factors and general

health conditions.2-4 The voice becomes lower, shaky, and

breathy; speaking and singing are therefore difficult; and

vocal extension decreases. Men present increased funda-

mental frequency, rendering the voice more acute; women

have a deeper voice.4,5

Histology and immunohistochemistry studies of elderly

larynges identify atrophy of the epithelium, lamina propria,

and thyroarytenoid muscle; a decreased concentration of hya-

luronic acid and of elastic fibers; and an increased concentra-

tion of collagen fibers.6-9 Some authors stress that such

changes are not only quantitative but also qualitative.9,10 For

Hammond et al,10 the aged larynx presents a decrease in reti-

cular fibers and an increased number of type I collagen

fibers, but with impaired function, no longer warranting

tissue resistance. The decrease in extracellular matrix gluco-

samines impairs further vocal fold viscoelasticity, justifying

part of the vocal symptoms of the elderly.10

Electron microscopy studies of the elderly larynx are scarce

yet important, since they may add structural details identifiable

by this method. Hirano et al11 found almost twice as many col-

lagen fibers in a study on elderly larynges using scanning elec-

tron microscopy, being more evident in the deeper layers of

the lamina propria. The authors also found irregular diameters

of the collagen fibers and decreased interstitial spaces, separat-

ing them from the other elements of the extracellular matrix

such as glucosamine and glycosaminoglycans. These authors
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also noted a decrease in the amount of reticular fibers of the

lamina propria, which correspond to a subtype of type III col-

lagen fibers, with diameters of 50 nm. The coexistence and

distinction of type I and III collagen fibers in the lamina propria

of the vocal folds were also demonstrated by Tateya et al12 in a

study with adult human larynges using an interesting technique

of immune scanning electron microscopy.

The aging process of the body is complex, and each

study on this topic adds valuable information that enhances

the understanding on the pathophysiology of the aging pro-

cess of the many organs and systems. The objective of this

study was to describe the findings of scanning electron

microscopy (SEM) of vocal folds in the elderly to uncover

structural details of the presbylarynx.

Subjects and Methods

Vocal folds removed from 16 cadavers during necropsy

were distributed into 2 age groups: control (n = 8; aged 30-

50 years) and elderly (n = 8; aged 75-92 years). After har-

vesting, the larynges were opened on their posterior portion

and examined macroscopically to identify lesions, in which

case they were excluded.

A cross-sectional fragment of approximately 0.8 to 1.0

cm of the median portion of the right vocal fold was

removed (Figure 1). For SEM, the specimens were fixed in

2.5% glutaraldehyde for 12 hours, flushed in 0.1 M phos-

phate buffer at pH 7.3, fixed in a 1% osmium tetroxide solu-

tion for 1 hour, flushed in phosphate buffer, dehydrated in

increasing solutions of 75% to 100% alcohol, and dried in a

critical point device (Balzers CPD-020; Balzers AG,

Balzers, Liechtenstein) with liquid carbon dioxide. The frag-

ments of the vocal folds were assembled in a metal base

with silver glue and then covered with gold (15 nm gold) in

a Balzers MED-010 device. They were visualized and

photographed at increasing magnitudes under a scanning

electron microscope (Quanta 200 FEG; FEI Company,

Munich, Germany).

To measure the epithelium thickness, we used a scan-

dium morphometric digital program, which measures the

distance between 2 points. A straight line was drawn from

the distal surface of the epithelium to the beginning of the

basal membrane. All measures were analyzed at 4003 mag-

nification, using 10 measures per picture in different sites.

The mean values of each picture of both groups are pre-

sented in Table 1.

We present the details of the epithelium and of the

lamina propria components in a descriptive way, comparing

the images of the control group with those of the elderly

group.

Exclusion criteria included sepsis, prolonged intubation,

laryngeal lesions, systemic infectious diseases, dermatologi-

cal diseases, autoimmune or metabolic disorders, cervical

trauma, and respiratory granulomatous diseases such as

tuberculosis, paracoccidioidomycosis, sarcoidosis, and other

causes or diseases that could affect the vocal fold mucosa

and invalidate the study. Medical records were consulted to

confirm the predeath diseases, and family members were

inquired about the other comorbidities.

The research project was approved by the Human Research

Ethics Committee (protocol number 13242413.1.0000.5411)

and by the Pathology Department of the same institution.

Statistical Analysis

The Shapiro-Wilk test was used to determine whether a

population followed a normal distribution, with a P value of

.11. After that, the Student t test was used to compare the

mean values of the thickness, using the 5% level of

significance.

Results

Scanning electron microscopy indicated that all specimens

from the control group were similar. The covering mucosa

Figure 1. Human larynx opened on the posterior portion for
macroscopic examination and removal of the right vocal fold.

Table 1. Thickness of the Epithelium in Both Groups (Mean Values
of 10 Measures of Each Larynx).

Epithelium Thickness, mm

Larynx Elderly Group Control Group

Larynx 1 43.87 44.63

Larynx 2 37.59 46.62

Larynx 3 43.47 147.17

Larynx 4 41.60 138.34

Larynx 5 40.74 140.52

Larynx 6 41.02 143.23

Larynx 7 41.83 114.37

Larynx 8 44.14 176.94

Mean (SD)a 41.79 (21.40) 221.64 (145.90)

aP \.001.
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had soft undulation and few desquamation cells (Figure 2).

In the elderly group, most specimens had the covering

mucosa more folded and with more desquamation cells

(Figure 3). In the control group, microfolds drew a delicate

tracery over the surface, and the intercellular junctions

demarcated irregular polygons on the surface (Figure 4). In

6 specimens of the elderly group, the intercellular junctions

presented deep sulci (Figure 5) and the epithelial surface

was irregular.

In the control group, the mucosa was formed by a juxta-

position of 5 to 7 cells that rested over the basal mem-

brane. In the elderly group, the epithelial thickness varied,

being normal in 2 specimens (5-7 cells) and atrophic in the

other 6 (2-3 cells). The mean (SD) values of the thickness

of the epithelium in both groups are presented in Table 1

(control group, 41.79 [21.40] mm; elderly group, 221.64

[145.90] mm).

In controls, in the superficial layer of the lamina pro-

pria, a delicate network of collagen and elastic fibers was

seen, running parallel to the basal membrane, just below

the epithelium (Figure 6). In the elderly group, in this

site, the collagen was more abundant, with irregular dis-

tribution (Figure 7). In the deep layer of the lamina pro-

pria, there was a dense network of collagen in both

groups, but it was more intense in the elderly groups, in

which a fibrotic and rigid skeleton could be observed

(Figures 8 and 9).

Figure 5. Elderly group: epithelium with well-demarcated cells,
separated by deep sulci. Scanning electron microscopy, magnifica-
tion 40003.

Figure 4. Control group: epithelial surface of vocal fold highlight-
ing the microfolds and protruding intercellular junctions. Scanning
electron microscopy, magnification 40003.

Figure 3. Elderly group: surface of the covering mucosa of the
vocal folds more folded and with more desquamation cells.
Scanning electron microscopy, magnification 3003.

Figure 2. Control group: surface of vocal fold with mild mucosal
undulation and some desquamation cells. Scanning electron micro-
scopy, magnification 3003.
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Discussion

This study showed several changes in most vocal folds of

the elderly, identified by SEM, that have not been reported

previously. The limits of the epithelial cells of the vocal

folds in the elderly showed deep sulci. The epithelium had

an increase of cell desquamation and more undulation. Such

changes may be explained by the natural aging process of

the epithelium, where the cell junctions may be impaired by

the decrease in the components of the extracellular matrix,

resulting in laxity, desquamation, and retraction.11,12

The absence of studies with electron microscopy of the

older larynx renders impossible the comparison of our

descriptions with that of other authors. There are, neverthe-

less, many studies describing the skin aging process, with

the epithelium being similar, and therefore correlations are

possible. When identified in the epidermis, such changes

have been attributed to the loss of fundamental substances

of the extracellular matrix, causing wrinkles, epidermal

retractions, loss of the proliferative capacity of the epithe-

lium, and frailty.13,14 The dermal lamina propria is

described also as compact, dense, and made of collagens

and elastic fibers, many of which degenerate, reinforcing

the hypothesis that the changes in the proteins of the lamina

propria are not only quantitative but also qualitative.

Figure 8. Control group: detail for the dense network of collagen
in the deeper layer of the lamina propria. Scanning electron micro-
scopy, magnification 24003.

Figure 9. Elderly group: detail for the collagen more abundant in
the deeper layer of the lamina propria, forming a fibrotic and rigid
skeleton. Scanning electron microscopy, magnification 24003.

Figure 6. Control group: detail for the loose network of collagen
and elastic fibers parallel to the basal membrane in the superficial
layer of the lamina propria. Scanning electron microscopy, magnifi-
cation 6003.

Figure 7. Elderly group: dense and irregular network of collagen
and elastic fibers in the superficial layer of the lamina propria.
Scanning electron microscopy, magnification 6003.
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The behavior of the elastic fibers in the vocal folds of

the elderly has been discussed by authors. Some authors

found an important decrease in their concentration, others

considered the amount unaltered, and others yet found a

considerable increase.10-12,15 Hammond et al10 analyzed the

concentration of elastic fibers in the lamina propria of 19

larynges, including children, adults, and the elderly, and

found a growing increase in elastin as age advances, indicat-

ing maturity of the structures of the vocal folds. The authors

also observed increasing growth in collagen fibers and

underscored that this result not necessarily indicated

increased production but rather a decrease in turnover.

Roberts et al15 supported this same hypothesis and described

the irregular distribution and larger number of collagen

fibers in the lamina propria of the vocal folds of the elderly,

ratifying our findings, as did other authors.6-9 Those authors

indicate that the collagen fibers do not finish degradation as

a consequence of impairing the expression of the enzyme

collagenase. The mature collagen fibers that are not

degraded become distorted, forming irregular arrangements

and clustering in an entanglement of fibers with different

diameters and in all directions, impairing tissue flexibility

and elasticity. The deeper layers of the lamina propria

receive a higher concentration of collagen fibers, as

depicted in Figure 9, forming a rigid skeleton. In our

study, unfortunately it was not possible to differentiate the

elastic fibers of the reticular collagen, requiring additional

methods for this purpose.

Structural changes in the fibroblasts are yet little known

and seem to be responsible for the modifications in the pro-

teins of the extracellular matrix of the vocal folds of the

elderly. Hirano et al11 believe it is important to study the

behavior of those cells, due to their key participation in the

production of the elements of the extracellular matrix. In an

interesting research study, those authors studied the fibro-

blasts of human larynges in neonates, adults, and older per-

sons and found that the shape of those cells changed as age

progressed, going from oval in neonates to oblong and fila-

mentous in adults and older persons. Furthermore, they

emphasized that active fibroblasts had well-developed orga-

nelles and a specially undulated endoplasmic reticulum and

Golgi complex, which tend to decrease in the elderly.

Quan et al,14 in a study on skin fibroblasts in the

elderly, identified many fibroblasts with a deletion in the

mitochondrial DNA, impairing modulation of the fibro-

blasts and the configuration of the actin filaments of the

cytoskeleton. According to those authors, such deletions

might be triggered by oxidative stress and mitigated with

the introduction of antioxidants.

For Roberts et al,15 part of the changes observed in the

aged vocal folds can be due to the reduction in the activity of

fibroblasts, as a consequence of the possible decrease in

blood flow. However, the impairment in the vascular network

of vocal folds of elderly larynxes could not be confirmed by

these authors.

Conclusion

Scanning electron microscopy identified several changes in

the elderly larynx, differentiating it from the controls. These

alterations are probably related to the aging process of the

vocal folds. However, the exact interpretation of these find-

ings requires additional studies, even to the molecular level,

having the fibroblasts as targets.
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Estado de São Paulo) and CNPq (Conselho Nacional de

Desenvolvimento Cientı́fico e Tecnológico), for collection, analy-

sis, and interpretation of the data, as well as financial support for

histological analysis.

References

1. Kendall K. Presbyphonia: a review. Curr Opin Otolaryngol

Head Neck Surg. 2007;15:137-140.

2. Takano S, Kimura M, Nito T, Imagawa H, Sakakibara K,

Tayama N. Clinical analysis of presbylarynx—vocal fold atrophy

in elderly individuals. Auris Nasus Larynx. 2010;37:461-464.

3. Gregory ND, Chandran S, Lurie D, Sataloff RT. Voice disor-

ders in the elderly. J Voice. 2012;26:254-258.

4. Martins RH, Goncxalves TM, Pessin ABB, Branco A. Aging

voice: presbyphonia. Aging Clin Exp Res. 2014;26:1-5.

5. Pontes P, Brasoloto A, Behlau M. Glottic characteristics and

voice complaint in the elderly. J Voice. 2005;19:84-94.

6. Sato K, Hirano M, Nakashima T. Age-related changes of col-

lagenous. Ann Otol Rhinol Laryngol. 2002;111:15-20.

7. Ximenes Filho JA, Tsuji DH, Nascimento PHS, Sennes LU.

Histologic changes in human vocal folds correlated with

aging: a histomorphometric study. Ann Otol Rhinol Laryngol.

2003;112:894-898.

8. Ohno T, Hirano S, Rousseau B. Age-associated changes in the

expression and deposition of vocal fold collagen and hyaluro-

nan. Ann Otol Rhinol Laryngol. 2009;118:735-741.

Goncxalves et al 1077



9. Pontes P, Yamasaki R, Behlau M. Morphological and func-

tional aspects of the senile larynx. Folia Phoniatr Logop.

2006;58:151-158.

10. Hammond T, Gray S, Butler J. Age and gender related col-

lagen distributions in human vocal folds. Ann Otol Rhinol

Laryngol. 2000;109:913-920.

11. Hirano M, Sato K, Nakashima T. Fibroblasts in geriatric vocal

fold mucosa. Acta Otolaryngol. 2000;120:336-340.

12. Takeda N, Thomas GR, Ludlow CL. Aging effects on motor

units in the human thyroarytenoid muscle. Laryngoscope.

2000;110:1018-1025.

13. Lavker RM, Zheng PS, Dong G. Morphology of aged skin.

Clin Geriatr Med. 1989;5:53-67.

14. Quan C, Cho MK, Perry D, Quan T. Age-associated reduction

of cell spreading induces mitochondrial DNA common dele-

tion by oxidative stress in human skin dermal fibroblasts:

implication for human skin connective tissue aging. J Biomed

Sci. 2015;28;22:62.

15. Roberts T, Morton R, Ali-Ali S. Microstructure of the vocal

fold in elderly humans. Clin Anat. 2011;24:544-551.

1078 Otolaryngology–Head and Neck Surgery 154(6)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 266
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 266
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 900
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.33333
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (ISO Coated v2 300% \050ECI\051)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <>
    /CHT <>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /JPN <>
    /KOR <>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


