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INVESTIGATIONS INTO HUMAN TRACHEAL CARTILAGE

OSSEOCALCINEUS METAPLASIA

IV. MORPHOKINESIS OF TRACHEAL CARTILAGE RETROGRADE
LESIONS DURING THE PROCESS OF AGING

HENRYK SOSNIK, KATARZYNA SOSNIK

Department of Pathomorphology, “Hist-Med”, Regional Specialistic Hospital, Wroctaw

We determined the frequency of occurrence and dynamism of the mentioned ret-
rograde lesions. The investigated material comprised 371 cartilages collected from
95 male tracheas (mean age: 56 =13 years), and 279 cartilages collected from 70
female tracheas (mean age: 65.3 *=14 years) during the process of aging. The
dynamism proved non-homogenous with a visible gender difference. The empiri-
cal regression curves often crossed each other. Some of the presented curves in
female patients were observed beginning two decades after that of male patients,
and at lower levels. Thus, it seems hard to conclude that some processes consider-
ing tracheal cartilage morphokinesis always precede others.
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Introduction

Few investigations exist concerning the process of
aging of tracheal cartilages. Some publications
demonstrated that the above-mentioned cartilages
can undergo the process of ossification {1, 21, calcifi-
cation {3} or fibrosis {4}. Osteocalcine remodelling of
the cartilages begins in the third decade of life in
male, and in the fifth decade of life in female patients
[5}. According to some authors {6, 71, the develop-
ment of retrograde tracheal cartilage lesions can be
attributed to the disproportion between the size of
the nutritive surface of the cartilage and its thickness.
This leads towards malnutrition, and development of
retrograde lesions, especially in the central segments
of the cartilages. Our previous investigations {[8]
demonstrated a statistically positive correlation
between tracheal thickness and patient age, both in
the case of men and women. Autopsy investigations
demonstrated no evident correlation between the
retrograde tracheal cartilage lesions, and chronic
morphological lesions present in other organs {9].
Linzbach and Gldser suggested that the above-men-
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tioned lesions occurred more often in patients with
chronic lung disorders, diabetes mellitus, and those
who died due to cachexia {6, 10}. Siebenmann [11}
demonstrated massive osseous metaplasia of the
auricular cartilages in a patient undergoing chronic
therapy, due to tuberculous spondylitis. Gliser {10}
observed tracheal cartilage retrograde lesions with
the development of asbestoids in patients of thirty
years of age. On the contrary, Leutert {12} observed
the above-mentioned in elderly patients and quite
rarely. According to Linzbach {6}, osseous lesions of
the tracheal cartilages occurred more often in male
patients, while calcifications in female patients.
Kasafuka ez a/. observed a significantly increased per-
centage of tracheal cartilage osseous metaplasia in
elderly patients [13]. Available literature data men-
tioned no tracheal cartilage retrograde lesion dynam-
ics during the process of aging.

Material and methods

The investigated material comprised 371 cartilages
collected from 95 male tracheas ranging between 19
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collagen is observed around the lacunae and devel-
oping osseous metaplasia [13].

The chondrocytes which are initially overgrown
undergo degradation and atrophy. This favours the
precipitation of mineral salts {7, 211, which leads
towards cartilage rupture, and penetration of vascu-
lar fascicles into the fissures, inducing the develop-
ment of osseous metaplasia foci, as an attempt to
repair the damaged cartilage {6}.

Investigations concerning the intervertebral disc
cartilages show an overall incidence of SA-B-gal pos-
itive cells (senescence associated B-galactosidase)
amounting to 29.9% =24 SD {[22]. The average
length of telomeres decreased with the age of chon-
drocytes, especially in the cartilages of degenerative
discs {23}. Such investigations considering tracheal
cartilages are absent.

The presented study demonstrated the existence
of evident differences in the dynamism of tracheal
cartilage retrograde lesions between female and male
patients. In the case of female patients, type 3 lesions
predominated. In male patients, type 6 lesions were
most often diagnosed (type 3 changes decreased
since the fourth decade of life). The dynamism of
chondrolytic lesions and asbestoids development was
significant in male patients, beginning from the
fourth decade of life, continuously increasing until
the ninth decade. In female patients on the contrary,
the above-mentioned was maintained at a low level.
Glidser observed these lesions in patients of 30 years
of age, being observed less frequently during subse-
quent decades of life {10]. Leutert rarely observed
the above-mentioned, and if present they concerned
the elderly only [12]. The development of asbestoids
is connected with the degradation of collagen fibres,
which was visible following Picrosirius staining {24}.

Ultrastructural investigations showed an overall
increase of collagen fibril diameter with increasing
age, even in areas with no signs of amantoid trans-
formation. Extensive remodelling not only of the col-
lagen fibrils but also of the cartilage proteoglycans is
involved in the development of amantoid transfor-
mation [25}. With increasing age, proteoglycan
aggregates become shorter and fewer monomers
were present in “Y-mice”, since the sixth month of
life {191, which transposed to patient age, would be
around twenty years. Such developing cartilage and
chondrocyte stroma lesions favour the precipitation
of calcium deposits.

Our investigations showed that the calcium
deposit curve in men began in the third decade of life,
increasing to 20.2%, being stable throughout the
fifth and sixth decades of life. In female patients the
above-mentioned appeared twenty years later with
the peak amounting to 15% in the fifth decade of life.
Gliser observed cartilage calcification in 54% and
ossification in 20% of investigated tracheas {10},
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Fig. 1. Empirical regression of the fraction (%) of a given
type of changes in tracheal cartilage in male

[%}
90 -
80
704
601
50
404
30
201
101

0 .
18-30

31-40  41-50 51-60 61-70  71-80 81-90

decades of life

@ Type 1 — normal cartilage

B Type 2 — chondrolysis and asbestoids

A Type 3 — eosinophylig staining of the cartilage

x Type 4 — massive calcium deposits

x Type 5 — mixture of calcinous foci and osseous metaplasia
@ Type 6 — metaplasia ossea only
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while Linzbach noted cartilage calcification mostly in
female patients, being more often diagnosed as com-
pared to osseous metaplasia foci {6}. The develop-
ment of mineral deposits in tracheal cartilages is of
different character, as compared to osseous calcifica-
tion, where alkaline phosphatase is probably required
[26}. Kasafuka ef #/. found ossification of investigated
tracheas in 52% [13}. Fischer analysed chest X-rays
demonstrating cartilage calcification and ossification
in 9.5% of elderly female and only in 0.3% of male
patients {27]. Bearing in mind the mechanism of bone
development one should consider the degradation of
the interchondrial matrix and deregulation of the
function of perichondrium cells expressed by means of
the bone morphogenic protein (BMP-6), which may
play an important role in the maintenance of the tra-
cheal cartilage by an autocrine mechanism {13}.
Wang et /. {28} administered BMP-6 to an experi-
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mental animal, which leads towards the development
of an ectopic cartilaginous tissue.

The presented cartilage changes may be responsi-
ble for tracheal wall resistance. The average value for
tensile stiffness ranged between 1 and 15 MP and
increased significantly with age. The outermost layer
of the cartilage was most stiff in all individuals, and
thus, the deeper layers were progressively less stiff { 14].
This might be connected with the localization of the
previously mentioned lesions {9}.

In conclusion, our investigations demonstrated
unknown tracheal cartilage retrograde changes
observed in the aging organism. The dynamism of
selected changes was non-uniform and non-continu-
ous, differing during different decades of life. Gender
differences were also clearly visible {5, 91. The men-
tioned curves often crossed. In the third decade of life
one observed cartilage stroma staining changes,
while mucous lakes and asbestoids were observed in
the fourth decade of life. The curve considering min-
eral deposits and osseous metaplasia foci was shifted
to the right by two decades in the case of female
patients, as compared to men. Additionally, in the
case of female patients (excluding type 3 changes) all
were below the level of 15%, while in the case of
male patients the curves were observed at a higher
level with types 2 and 6 exceeding 30%.

References

1. Bochenek A, Reicher M. Anatomia czlowieka. 8 th ed. T2.
PZWL, Warszawa 1998; 378-384.

2. Marciniak T. Anatomia prawidlowa czlowieka. 1 th ed. T2,
PZWL Warszawa, 1964; 139-142.

3. Shah P. Pleura, lungs, trachea and bronchi. In: Gray’s Anato-
my. The anatomical basis of clinical practice. Standring S (ed).
39th ed. Elsevier Churchil Livingstone. Edinburgh — London-
New Y Oxford — Philadelphia — St Louis — Sydney — Toronto
2005; 1057-1062.

4. Bloom W, Fawcett DW. A textbook of histology. 8th ed. W.B.
Saunders Company, Philadelphia, London 1962; 509-510.

5. So$nik H, Soénik K. Investigations into human tracheal carti-
lage osseocalcineus metaplasia I. Radiographic findings. Fol
Morphol 2008; 67: 143-149.

6. Linzbach AJ. Vergleich der dystrophischen Vorginge an
Knorpel und Arterien als Grundlage zum Verstindnis der
Arteriosklerose. Virch Arch Path Anat 1944; 311: 432-508.

7. Beneke G, Endres O, Becker H, et al. Uber Wchstum und
Degeneration des Trachealknorpels. Virch Arch Path Anat
1966; 341: 365-380.

8. Soénik H, Sosnik K. Investigations into human tracheal car-
tilage osseocalcineus metaplasia III. Ventro-dorsal measure-
ment of the thickness of human tracheal cartilages. Pol J
Pathol 2010, 61: 78-82.

9. Soénik H, Sosnik K. Investigations into human tracheal carti-
lage osseocalcineus metaplasia II. Histopathological examina-
tion of tracheal cartilages. Pol J Pathol 2009; 60: 179-185.

10. Gldser A. Zur biorheutischen Orthologie und Pathologie der
Tracheobronchialknorpel. Z Altersforsch 1958; 12: 257-273.

228

11.

12.

13.

14.

15.

16.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Siebenmann RE. Die Ohrknorpelverkniécherung beim Morbus
Addison. Schweiz med Wschr 1977; 107: 468-474.

Leutert G. Zur histologischen Biomorphose des hyalinen
Knorpels. Akt Gerontol 1977, 7: 477- 480

Kasafuka K, Yamaguchi A, Kayano T, et al. Ossification of tra-
cheal cartilage in aged humans: a histological and immunohis-
tochemical analysis. ] Bone Miner Metab. 2001, 19: 168- 174.
Rains J K, Bert JL, Roberts CR, et al. Mechanical properties of
human tracheal cartilage. J Appl Physiol 1992; 72: 219-225.
Beneke G, Endes O, Becker H, et al. Wachstum und altersab-
hingige Strukturveranderungen der menschlichen Trachea.
Virchows Arch Path Anat 1966; 341: 353-364.

Cole MB. Morphology of the interlacunar network in four sites
of hyaline cartilage of neonatal, juvenile, and adult rats. Clin
Orthop Relat Res 1982; 170: 277-285.

. Bonucci E, Cuicchio M, Dearden LC. Investigations of ageing

in costal and tracheal cartilage of rats. Z Zellforsch 1974;
147: 505-527.

Binette J P, Burgi W, Ohishi H, et al. The glycosaminoglycan
composition of human tracheas and the changes observed dur-
ing aging and in disease. Clin Chim Acta 1994; 225: 179-185.
Li S, Duan H, Nagata T. Age- related alterations of proteo-
glycan in mouse tracheal cartilage matrix; An electron histo-
chemical analysis with the cationic dye of polyethylenimine.
Cel Mol Biology 1994; 40: 129-135.

Roberts C R, Pare P D. Composition changes in human tra-
cheal cartilage in growth and aging, including changes in pro-
teoglycan structure. Am J Physiol 1991; Lung Cell Mol Phys-
iol 261 (5): L92- L101.

Sasano Y, Takahashi I, Mizoguchi I, et al. Type X collagen is
not localized in hypertrophic or calcified cartilage in the devel-
oping rat trachea. Anat Embryol 1998; 197: 399-403.
Gruber HE, Ingram JA, Norton J, et al. Senescence in cells of
the aging and degenerating intervertebral disc. Immunolocal-
ization of senescence-associated beta- Galactosidase in human
and sand rat discs. Spine 2007; 32: 321-327.

Le Maitre CL, Freemont AJ, Hoyland JA. Accelerated cellular
senescence in degenerate intervertebral discs: a possible role in
the pathogenesis of intervertebral disc degeneration. Arthritis
Res Ther 2007; 9: R45: 1-12.

Line SR, Torloni H, Montes GS, et al. A note on the histo-
chemical and morphological characterization of the asbestoid
degeneration of cartilage. Histochemistry 1988; 88: 411-413.
Mallinger R, Stockinger L. Amianthoid (asbestoid) transfor-
mation: Electron microscopical studies on aging human costal
cartilage. Am J Anat 1988; 181: 23-32.

Sasano Y, Mizoguchi I, Furusawa M, et al. The process of cal-
cification during development of the rat tracheal cartilage
characterized by distribution of alkaline phosphatase activity
and immunolocalization of types I and II collagens and gly-
cosaminoglycans of proteoglycans. Anat Embryol 1993; 188:
31-39.

Fischer E. Uber Rippen — und Bronchialknorpelverkalkung im
Alter. Z Altersfrosch 1954; 8: 144-150.

Wang EA, Rosen V, Alessandro J, et al. Recombinant human
bone morphogenetic protein induces bone formation. Proc
Natl Acad Sci U S A 1990; 87: 2220-2224.

Addpress for correspondence

Henryk So$nik MD, PhD
ul. Jaracza 82 B/4

50-305 Wroctaw

phone: +48 71 791 41 29
fax: +48 71 328 01 23
e-mail: abr@kn.pl




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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 /MediumResolution
      >>
      /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


