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INTRODUCTION
The trachea, consisting of 16 to 20 cartilages [1],

grows with the body until the age of 20 [2]. Kusafu-
ka et al. [10] investigated the tracheae of neonates
and observed no ossification, calcification or type I
and X collagen presence, or reduction of type II col-
lagen. Leutert [11] observed calcineus remodelling
foci in the tracheal cartilages of patients as young

as 25. He only observed the formation of so-called
“asbestine needles” or ossification sporadically in
elderly patients. In the data available in the litera-
ture we found no exact investigations concerning
osseous metaplasia and tracheal cartilage calcifica-
tion in relation to age and sex. University textbooks
of human anatomy [4, 5, 9, 16, 21] do not refer to
this issue [16], or only enigmatically underline the
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Osseocalcineus metaplasia (OCM) of the tracheal cartilages is well known, but
no exact data are available relating it to age and sex. To resolve this problem
we analysed tracheal teleradiograms of 99 female (age: 0.4–92; x = 59.98 ±
± 22.75 years) and 110 male patients (age: 0–83; x = 53.53 ± 19.95 years).
As the first step we estimated the percentage of trachea that had complete
lesions, those that had trace lesions and those that were unchanged in relation
to the patient’s age and sex. Secondly we determined the extent and growth
of developing lesions during the process of ageing. Data were collected for all
the cartilages, with two cartilages with trace lesions considered to be of similar
value to one cartilage with complete remodelling. This enabled us to deter-
mine the correlation coefficient for changed cartilages and patient age and
also the dynamism of OCM in the trachea examined. The c² and Student’s
t tests were used in determining the mean differences between subgroups.
The lesions referred to above occurred in 66.35% of men and in 33.33% of
women and correlated with age (r = 0.93, p < 0.001 in men, and r = 0.27, p
< 0.01 in women). Total remodelling of the OCM occurred in the oldest age
group, when both sexes were taken into consideration, while cartilages with
trace changes were detected in the younger group of patients. The lowest
mean patient age was observed in the group without tracheal changes. Osseo-
calcineus metaplasia of the tracheal cartilages was conditioned by patient age
and sex. In male patients it occurred twice as often as in females. Until the age
of 50 it occurred as much as nine times as often, while after this age it occurred
only twice as often as in female patients. (Folia Morphol 2008; 67: 143–149)
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fact that in elderly patients [5, 9, 14] or in those
near thirty years of age [21] tracheal cartilages are
subjected to ossification, calcification and, accord-
ing to Bloom and Fawcett [4], fibrosis only. Hart and
Mayer [9] announced the possible osteogenesis and
calcification of tracheal cartilages, which can occur
in elderly patients. None of these authors analysed
the influence of sex on the occurrence of osseocal-
cineus metaplasia (OCM), or the dynamism of its
development during the process of ageing. We de-
cided to resolve this issue.

MATERIAL AND METHODS
Extra situ tracheal teleradiograms performed on

99 women aged between 0.4 and 90 years (mean
age 59.98 ± 22.75 years; median = 64 years), and
110 male patients, aged between 0 and 83 years
(mean age 53.53 ± 19.95 years; median = 55 years)
were the basis for determining the frequency of
occurrence and dynamism of OCM of the tracheal

cartilages in relation to patient age and sex. Inves-
tigations were performed in phases. During the first
phase we estimated the percentage of the trachea
with complete or trace foci and without foci in re-
lation to patient age and gender. In the second
phase we determined the extent and growth of de-
veloping lesions during the process of ageing. Car-
tilages with complete remodelling (Fig. 1B, 2B, 3A)
and those with trace elements of remodelling
(Fig. 1A, 2A) were counted. Where one cartilage
proved to be completely changed, regardless of the
number of cartilages with trace lesions, the case was
accounted in the complete change group. Afterwards
data was assembled for all the cartilages, with two
cartilages with trace lesions considered to be of sim-
ilar value to one cartilage with complete remodel-
ling. This enabled us to determine the correlation
coefficient between changed cartilages and patient
age. Additionally, we estimated the relationship be-
tween the number of changed cartilages for each

Figure 1. Tracheal radiogram. A. 69-year old male (trace lesions
of several cartilages); B. 65-year old male (complete changes).

Figure 2. Tracheal radiogram. A. 71-year old woman (trace
lesions); B. 82-year old woman (total changes).
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decade of life (n), and each trachea examined (N).
The results obtained enabled us to determine the
dynamism and extent of OCM in the investigated
tracheae. The c² and Student’s t tests were used. P < 0.05
was considered as statistically significant in determin-
ing the mean differences between subgroups.

RESULTS
Osseocalcineus remodelling of the tracheal car-

tilages significantly differed in relation to patient
age and sex (p < 0.001) (Table 1). In male patients
the correlation coefficient between changed carti-
lages and patient age was +0.93 (p < 0.001), while
in female patients it was only +0.27 (p < 0.01). The
lesions referred to were twice as common in male
(66.35%) as in female patients (33.33%), occurring
in the group with complete changes 2.5 times as
often, and in the group with trace lesions twice as
often. The mean age of all the female patients
investigated was 59.98 ± 32.8 years, and was sig-
nificantly higher than that of the male patients
(53.53 ± 19 years; p < 0.05). Analysis of the mean
age demonstrated that total remodelling of OCM
cartilages occurred in the oldest age group with re-
gard to both sexes, while trace elements of remod-
elling were observed in the younger patient group.
The lowest mean patient age was observed in the
group without tracheal changes  (Table 1). When
both sexes were considered, the differences in mean
patient age in particular groups proved highly signif-
icant. In male patients the differences between the
group with unchanged tracheae and those with trace
changed trachea were of a significance of p < 0.001,
while the differences between the latter and those with
complete tracheal cartilage changes had a significance
of p < 0.01. With regard to female patients the mean
age differences between the first two groups amount-
ed to p < 0.02 and between the trace and completely
changed groups to p< 0.001 significance.

The mean age of the female patients was sig-
nificantly higher than that of the male patients
(Table 1). Table 2 shows the frequency of occurrence
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Figure 3. Tracheal radiogram. A. 55-year old male (total changes);
B. 44-year old male (trace lesions).
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Table 1. Tracheal cartilage osseocalcineus metaplasia occurrence, depending on patient age and gender

Changes             Men              Women P

            Age (years)         Age (years)

N % Min. Max. x ± SD (Me) N % Min. Max. x ± SD  (Me)

No changes 37 33.64 0 84 42.40 66 66.67 0.4 66 55.40 0.02
± 24.10 (46) ± 24.90 (60)

Trace lesions 50 45.45 28 77 56.78 25 25.25 42 86 65.40 0.01
± 10.40 (54) ± 12.80 (64)

Total changes 23 20.90 44 84 64.52 8 8.08 66 90   77.88 0.01
± 10.20 (54.5)  ± 5.60 (78)

Summary 110 100.00 0 84 53.53 99 100.00 0.4 90  59.98 0.05
± 19.00 (55) ± 22.80 (64)

N — number of cases, % — persentages of cases with tracheal cartilage lesions, Min. — minimal age, Max. — maximal age, x ± SD — mean arithmetic ± standard devia-
tion, Me — age median in years
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of tracheal cartilage change in relation to decade
of life. Figure 4 presents the results of the investi-
gation. It is easily noticeable that in the case of
male patients OCM changes had already developed
during the third decade of life, while the highest
values were observed in patients in the eighth de-
cade of life. In female patients the changes devel-
oped twenty years later than in males. The results
were much lower than for men during all the de-
cades referred to. The highest values for females
were observed during the sixth and eighth decades
of life, although none came close to the lowest

values noted in men. The highest percentages of
tracheal metaplasia were thus observed in the
eighth decade of life in men (70.6%) and in sixth
decade of women (42.86%). Table 3 shows the pro-
portion of changed cartilages in relation to the
number of trachea investigated during particular
decades of life. Figure 5 presents the results. In con-
trast to Figure 4, this shows a two-phase develop-
ment in tracheal changes in men. The most signif-
icant changes were noted in the sixth and ninth
decades of life. In women the opposite was the
case. The curve had a tendency towards mild

Table 2. Percentage of tracheal cartilages lesions during given decades of life

Decades of life (years) 0–10 11–20 21–30 31–40 41–50 51–60 61–70 71–80 > 80

MEN Number of trachea 4 2 7 3 10 8 10 5 1
without lesions

Number of changed 0 0 1 1 10 14 18 12 2
trachea

Percentage of changed 0.00 0.00 12.56 25.00 50.00 63.64 64.29 70.55 66.67
trachea

WOMEN Number of trachea 5 5 2 3 15 8 15 14 11
without lesions

Number of changed 0 0 0 0 1 6 4 8 5
trachea

Percentage of changed 0.00 0.00 0.00 0.00 6.25 42.86 21.05 36.36 31.25
trachea

Figure 4. Frequency of tracheal cartilage ossification in male and
female.

Figure 5. Dynamics of tracheal cartilage ossification in male and
female.
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growth, attaining the highest values during the
ninth decade of life. However, none of these peak
values reached the lowest values observed in male
patients.

DISCUSSION
Osseocalcineus metaplasia of the tracheal carti-

lages is conditioned by patient age and sex and in
male patients this occurred twice as often as in fe-
males. It took place mainly in the early decades of
life and until the age of 50 was diagnosed nine times
as often in male patients, while after this age it ap-
peared only twice as often as in female patients.
Differences were also observed in the occurrence of
tracheal cartilage lesions, depending on patient age.
In male subjects a constant increase was observed
until the eighth decade of life, while in female sub-
jects two peaks were noted, one during the sixth
and the other during the eighth decade of life.
Among female patients, therefore, there are two
subpopulations susceptible to the occurrence of the
lesions referred to here. This raises the question of
whether they are hormonally dependent. There is
no clear answer to this. On the basis of clinical prac-
tice it would appear that the end of the endocrine
activity of the female gonads may differ even by
years. However, there have been no endocrinologi-
cal studies to work out a common pathogenetic
position.

Animal [7, 12, 18, 19] and human [2, 3, 15, 17, 20]
experimental models have considered both sexes,
but have involved a small number of cases and have
not related tracheal cartilage lesions to patient sex.
Of the patients evaluated by Kasafuka et al. [10]
68% were male and 32% female, although the in-
fluence of sex on the pathogenesis of OCM of the
tracheal cartilages was not examined. Glaser [8] in-
vestigated 250 autopsied patients and did not men-
tion the influence of sex on the occurrence of tra-
cheal cartilage ossification. Of 268 trachea investi-

gated by Linzbach [13], 67.83% were of male and
32.15% were of female patients. The authors also
mentioned the issue of cartilage ossification, which
occurred less frequently in female patients, although
no percentages were given.

Female patients have thinner tracheal cartilages
than male patients. Tracheal cartilages, especially in
athletes and pyknotic patients are thicker than in lep-
tosome and asthenic patients. The percentage of sub-
jects with cartilage ossification increased with the
thickness of the cartilages. After 40 years of age the
percentage of ossified cartilages in athletes and py-
knotic patients ranged from 60% to 75%, and were
significantly reduced in asthenics and leptosomes [13].
Glaser [8] also mentioned the relationship between
greater weight in male patients and the frequent
occurrence of OCM of the tracheal cartilages. How-
ever, the authors cited did not clarify the anthropo-
logical method used for the determination of body
type. There is some doubt about the results present-
ed, since they were estimated during World War II.
Our examinations were performed in 1974 without
distinguishing the patient body type. However, the
poor economic situation of the Eastern block coun-
tries should be taken into account, as this did not
favour the more athletic pyknotic type. The mean age
of autopsied patients who were born during World
War I and thereafter did not favour this either, be-
cause of world famine and poor economic conditions.

The inferior thyroid, internal thoracic and tho-
racic aorta branches nourish the trachea [5, 14]. It is
well-known that nicotine influences the development
of degenerative vascular changes. Thus the primary
insufficiency of nutritional substances and the di-
lated diffusion surface of thick cartilages in male
patients might be evidence of the changes observed.
On the basis of the data collected during the years
of the study it appears that female smokers were
rarely observed. After the cultural revolution of 1968
this changed significantly. It would be interesting

Table 3. Dynamism of tracheal cartilage osseocalcineus metapalsia depending on particular age and gender

Decades of life I II III IV V VI VII VIII IX

n/N 0/5 0/2 1/7 2/5 29.5/21 73/23 59/27 36/17 11/3

Men 0.00 0.00 0.14 0.4 1.4 3.17 2.19 2.12 3.67

n/N 0/5 0/5 0/2 0/3 1.0/12 7.5/16 12.5/18 39.5/22 29.5/16

Women 0.00 0.00 0.00 0.00 0.08 0.47 0.69 1.8 1.84

n/N — relationship between the number of changed cartilages and number of investigated trachea during a given decade of life
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to perform investigations in thirty years, when the
population of smoking women reach their seventh
decade of life, and to determine the percentage of
metaplastic tracheae. A positive result might explain
the pathomechanism of tracheal cartilage OCM.

As mentioned previously, diffusion of nutrition-
al substances into the central parts of the tracheal
cartilages is reduced with increasing age, which leads
to “infarctus protachens” [13]. Chondrocytes are
surrounded by protein fibres up to 0.5 µm thick.
The fibres disappear with age [7], and the degrada-
tion products stimulate the penetration of vessels
from the perichondrium. A basophil histochemical
reaction of chondral matrix changes with age into
acidophil, and in 84% of cases chondroid matrix
hyalinisation is observed [10]. The following stage
consists in the deposition of calcium salts. It is in-
teresting to note that Bonucci et al. [6] never ob-
served ossification, only calcium salt deposition,
when considering animal experimental models.

The results obtained by Kasafuka et al. [10] and
Glaser [8] in studies of tracheal cartilage OCM were
similar, ranging from 52% to 54%. Our own obser-
vations differed significantly, especially when male
patients were concerned, amounting to 66.4%. How-
ever, it must be remembered that the data present-
ed by Kasafuka et al. [10] only consisted of 25 cases
with none of the above-mentioned lesions in the
sixth decade of life. These results differ from ours.
Glaser (250 autopsies) also mentioned that trache-
al cartilage calcareous lesions appeared in the fifth
decade of life and much earlier in male patients.

The results presented seem to be the first con-
cerning the issue of tracheal cartilage OCM and the
dynamism of its development in relation to patient
age and sex.

The tracheal cartilage lesions observed can influ-
ence the mechanism of maximal expiration and
coughing. The average cartilage rigidity to deflex-
ion correlated with patient age. The correlation co-
efficient was r = 0.83, and considered as statistical-
ly significant (p < 0.05) [15].

CONCLUSIONS
1. Tracheal cartilage osseocalcineus metaplasia is

conditioned by patient age and sex.
2. This occurs twice as often in men as in women.
3. Osseocalcineus remodelling of the tracheal cartilages

begins in the third decade of life in males, while in
female patients it begins in the fifth decade.

4. The dynamism of tracheal cartilage osseocalcineus
metaplasia in men has two peaks, with an acute
rise during the initial six decades of life. In wom-
en, in contrast, one can observe a gradual increase,
with peak elevation in the ninth decade of life.

REFERENCES
1. Beneke G, Enders O, Becker H, Kulka R (1966) Uber

Wachstum und Degeneration des Trachealknorpels.
Wirchows Arch Path Anat, 341: 365–380.

2. Beneke G, Endres O, Becker H, Nitsche H (1966) Wach-
stum und alters-abhangige Strukturveranderungen der
menschlichen Trachea. Virchows Arch Path Anat, 341:
353–364.

3. Binette JP, Burgi W, Ohishi H, Grundboeck-Jusko J, Burki R,
Maekawa Y, Tschopp F, Kimura A, Schmid K (1994) The
glycosaminoglycan composition of human tracheas and
the changes observed during aging and in disease. Clin
Chim Acta, 225: 179–185.

4. Bloom W, Fawcett don W (1967) A textbook of histo-
logy. 8 ed. PZWL, Warszawa, pp. 540–541.

5. Bochenek A, Reicher M (1998) Anatomia człowieka.
Vol. 2. 8 ed. PZWL, Warszawa, pp. 378–384.

6. Bonucci E, Cuicchio M, Dearden LC (1974) Investiga-
tions of ageing in Wostal and tracheal cartilage of rats.
Z Zellforsch, 147: 505–527.

7. Cole M B (1982) Morphology of the interlacunar network
in four sites of hyaline cartilage of neonatal, juvenile and
adult rats. Clin Orthop Relat Res, 170: 177–185.

8. Glaser A (1958) Zur biorheutischen Orthologie und Pa-
thologie der Tracheobronchialknorpel. Z Altersforch, 12:
257–273.

9. Hart C, Mayer E (1928) Kehlkopf, Luftrohre und Bron-
chien. Altersver anderungen, besonders Verknocherung.
2. Luftrohre. In: Henke-Lubarsch A ed. Handbuch der
Speziellen Pathologischen Anatomie und Histologie.
Vol. 3. Julius Springer, Berlin, pp. 313–317.

10. Kusafuka K, Yamaguchi A, Kayano T, Takemura T (2001)
Ossification of tracheal cartilage in aged humans: a his-
tological and immunohistochemical analysis. J Bone
Miner Metab, 19: 168–174.

11. Leutert G (1977) Zur histologischen Biomorphose des
hyalinen Knorpels. Akt Gerontol, 7: 477–480.

12. Li S, Auan H, Nagata T (1994) Age-related alterations
of proteoglycan in mouse tracheal cartilage matrix: an
electron histochemical analysis with the cationic dye
of polyethyleneimine. Cell Mol Biol, 40: 129–135.

13. Linzbach AJ (1944) Vergleich der dystrophischen Vor-
gange an Knorpel und Arterien als Grundlage zum Ver-
standnis der Arteriosklerose. Virch Arch, 311: 432–508.

14. Marciniak T (1964) Anatomia prawidłowa człowieka.
Vol. 2. 1st ed. PZWL, Warszawa, pp. 139–142.

15. Rains JK, Bert JL, Roberts CR, Pare PD (1992) Mechani-
cal properties of human tracheal cartilage. J Appl
Physiol, 72: 219–225.

16. Rauber-Kopsch S (1951) Die Luftrohre und ihre Aste,
Trachea et bronchi. Lehrbuch und Atlas der Anatomie



149

H. Sośnik and K. Sośnik, Tracheal cartilage metaplasia

des Menschen. 18th ed. Georg Thieme, Leipzig, B. 2:
pp.  171–175.

17. Roberts CR, Paré PD (1991) Composition changes in
human tracheal cartilage in growth and aging, includ-
ing changes in proteoglycan structure. Am J Physiol,
261 (Lung Cell Mol Physiol) 5: L92–L101.

18. Sasano Y, Mizoguchi I, Furusawa M, Aiba N, Ohtani E,
Iwamatsu Y, Kagayama M (1993) The process of calci-
fication during development of the rat tracheal carti-
lage characterized by distribution of alkaline phos-
phatase activity and immunolocalization of types I and
II collagens and glycosaminoglycans of proteoglycans.
Anat Embryol, 188: 31–39.

19. Sasano Y, Takahashi I, Mizoguchi I, Kagayama M,
Takita H, Kuboki Y (1998) Type X collagen is not localized in
hypertrophic or calcified cartilage in the developing rat tra-
chea. Anat. Embryol, 197: 399–403.

20. Schibajewa SM (1963) Wozrastnyje izmienienija i gis-
tochimiczeskaja charakteristika lipidow trachealnogo
chriaszcza człowieka. Arkh Patol, 35: 65–70.

21. Shah P (2005) Pleura, lungs, trachea and bronchi. Mi-
crostructure of trachea, bronchi and lungs. In: Standring
S. ed. Gray’s anatomy. The anatomical basis of clinical
practice. 40th ed. Elsevier Churchill Livingstone, Edin-
burgh, London, New York, Oxford, Philadelphia, St. Louis,
Sydney, Toronto, pp. 1057–1062.


