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Introduction

Osseocalcineus metaplasia of the tracheal carti-
lages develops with age, more often and earlier in the
case of men as compared to female patients [1-3].
The pathomechanism of metaplasia development is
unknown, although probably multifactorial. Tra-
cheal cartilages do not possess vascularization.
Nutrition is possible by means of diffusion of nutri-
tional substances from the inferior thyroid artery,
internal thoracic artery and thoracic aorta [4, 5]. The
thicker the cartilage, the longer diffusion from the
perichondrium to the inner layers of the cartilage.
This favours the development of retrograde lesions

with osseocalcineus metaplasia as the final stage.
Male patients are characterized by a more compact
structure. Thus, their cartilages are probably thicker
in comparison to female patients of asthenic struc-
ture [2, 6]. However, there is a lack of precise data
considering the thickness of changed and unchanged
tracheal cartilages, both in male and female patients.
We have decided to fill this gap.

Material and methods

The study material comprised 78 male tracheas,
patient age ranging between 19 and 84 years (mean
age: 56.5 ±12.6 years), and 69 female tracheas,

POL J PATHOL 2010; 2: 78–82

INVESTIGATIONS INTO HUMAN TRACHEAL CARTILAGE

OSSEOCALCINEUS METAPLASIA

III. VENTRO-DORSAL MEASUREMENT OF THE THICKNESS OF

HUMAN TRACHEAL CARTILAGES

HENRYK SOŚNIK, KATARZYNA SOŚNIK

Department of Pathomorphology, “Hist–Med”, Regional Specialist Hospital, Wrocław

The aim of the study was to verify the hypothesis that osseocalcineus metaplasia
present in the tracheal cartilage is conditioned by its thickness. The study group
comprised 78 male tracheas (age ranging between 19 and 84 years, mean =
56.5 years ±12.6 years), and 69 female tracheas (age ranging between 18 and
90 years, mean = 65.3 ±14 years). Tracheal transverse segments (every 4 cm) were
collected for histopathological examinations from organs fixed in 10% formalin solu-
tion. Typical paraffin specimens, 5 µm thick, were measured in the horizontal posi-
tion using the ocular micrometer (10 : 100 Zeiss) and Semiplan 3.2/0.10 objective.
Differences between mean patient group and subgroup values were statistically ver-
ified. P = 0.05 was considered as statistically significant. Osseocalcineus metaplasia
occurred 2.5-fold more often in male patients, in spite of the higher mean age of
female patients (p < 0.001). The average male cartilage thickness was 50.32 ±7.94
× 10–2 cm, while that of female patients was 38.44 ±4.44 × 10–2 cm (p < 0.001).
The average height of male patients (168.63 ±27.14 cm) was significantly higher in
comparison to female patients (157.2 ±5.78 cm) (p < 0.001). The thickness of tra-
cheal cartilages in men was significantly greater in metaplastic tracheas than in tra-
cheas without metaplasia, as well as in changed cartilages as compared to unchanged
ones in the same trachea. Considering both genders, the thickness of tracheal carti-
lages positively correlated with patient age (men: +0.44; p < 0.001; women:
+0.293; p < 0.014), whereas height did not correlate with cartilage thickness.
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patient age ranging between 18 and 90 years (mean
age: 65.3 ±14 years) (p < 0.001) fixed in 10% for-
malin for a period of two weeks. Transverse segments
were randomly chosen every 4 cm of the trachea for
histopathological examinations. Paraffin blocks were
prepared and sliced horizontally into 5 µm-thick sec-
tions, stained in haematoxylin and eosin. The thick-
ness of the cartilages was measured with an ocular
micrometer (10 : 100 Zeiss) built in the Jena Ax10
ocular, and Semiplan 3.2/0.10 objective built in the
Ergaval microscope. The material comprised 577
cartilages, being subjected to 7679 measurements
(13.3 measurements per cartilage), including meas-
urements of thickness of the cartilages with six types
of pathological changes, described in our previous
paper [7]. 

The obtained results were correlated with the
mean patient age and height. BMI values were not
determined, due to the lack of significant contribut-
ing data to the anthropological type of the human
body [1]. Finally, we compared the differences
between appropriate groups and subgroups, being
subjected to statistical verification (χ2 test and Stu-
dent’s t-test). P = 0.05 was considered as statistical-
ly significant.

Results

Tables I-VII present the obtained results. Osseo-
calcineus metaplasia was diagnosed in 47.6% of the
explored material, and 2.4-fold more often in men as
compared to women (Table I). The extensiveness of
changes in the tracheas was also more severe in men
than in women (Table II).

Table III demonstrates that the average age of
female patients was significantly higher in compari-
son to men (p < 0.001), while the average thickness
of cartilages and female height were significantly
lower than in men (p < 0.001). The thickness of
male and female cartilages positively correlated with
patient age (men: +0.44; p < 0.001, women:
+0.293; p < 0.014) (Fig. 1). There was no correla-
tion between cartilage thickness and body height in
neither men nor women. Additionally, male patients

were diagnosed with significant differences consider-
ing mean thickness of cartilages of metaplastic tra-
cheas and normal tracheas (p < 0.05). In men, the
average thickness of cartilages of metaplastic tra-
cheas was 51.86 ±6.89 × 10–2 cm, while in the case
of unchanged tracheas it was 47.41 ±8.98 × 10–2

cm, with no significant differences between mean age
and patient height (Table IV). In the case of female
patients such differences were not observed,
although the mean thickness of metaplastic tracheas
was minimally greater as compared to unchanged
tracheas.

The comparison of the mean thickness of meta-
plastic cartilages between male and female patients,
as well as that of normal cartilages, demonstrated 
a statistically significant difference. The mean thick-
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Table I. The occurrence of osseocalcineus metaplasia in
the 147 investigated tracheas, considering patient gender 

SEX CHANGES WITHOUT TOTAL %
PRESENT CHANGES

N N
Men 51 27 78 65.38
Women 19 50 69 27.54
Total 70 77 147 47.62
N – number of tracheas 

Table II. The extent of metaplastic tracheal lesions, con-
sidering patient gender the 147 investigated tracheas,
considering patient gender 

SEX CHANGES WITHOUT TOTAL %
PRESENT CHANGES

N1 N1
Men 113 88 201 56.22
(N = 51)
Women 32 44 76 42.10
(N = 19)
Total 145 132 277 52.35
(N = 70)

N – number of tracheas; N1 – number of cartilages 

Table III. Thickness of tracheal cartilages, considering patient gender, age and height 

FEATURE MEN WOMEN P

N MIN MAX x– ± SD N MIN MAX x– ± SD

Age  78 19 84 56.46 ±12.55 69 18 90 65.32 ±13.97 0.001
(years)
Cartilage 78 32.28 70.56 50.32 ±7.94 69 30.13 51.02 38.44 ±4.44 0.001
thickness
(× 10–2 cm)
Body height 76 160 182 168.63 ±27.14 68 146 166 157.20 ±5.78 0.001
(cm)
N – number of patients, Min – minimal value, Max – maximal value, x– ± SD – mean value plus minus standard deviation; p – significance level
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Table IV. Patient’s age, height and thickness of cartilages in normal and metaplastic tracheas in men

FEATURE CHANGED TRACHEA UNCHANGED TRACHEA P

N MIN MAX x– ± SD N MIN MAX x– ± SD

Age 51 26 84 58.76 ±12.09 27 19 84 52.11 ±19.40 0.1
(years)
Cartilage 51 39.17 70.56 51.86 ±6.88 27 34.98 66.36 47.41 ±8.98 0.02
thickness
(× 10–2 cm)      
Body height     50 162 182 167.64 ±33.17 26 160 180 170.54 ±5.37 0.7           
(cm)
N – number of patients, Min – minimal value, Max – maximal value, x– ± SD – mean value plus minus standard deviation; p – significance level

Table V. Patient’s age, height and thickness of cartilages in normal and metaplastic tracheas in women

FEATURE CHANGED TRACHEA UNCHANGED TRACHEA P

N MIN MAX x– ± SD N MIN MAX x– ± SD

Age 19 42 82 64.68 ±12.63 50 18 90 65.60 ±14.30 0.9
(years)
Cartilage 19 31.03 44.63 39.77 ±3.61 50 30.13 51.02 38.09 ±4.74 0.2
thickness 
(× 10–2 cm)
Body height 18 147 165 156.94 ±4.30 49 146 166 157.30 ±4.50 0.8
(cm)
N – number of patients, Min – minimal value, Max – maximal value, x– ± SD – mean value plus minus standard deviation; p – significance level

Table VI. Thickness of changed and unchanged cartilages in the same trachea in both sexes

SEX THICKNESS OF CHANGED CARTILAGES THICKNESS OF UNCHANGED CARTILAGES P
(× 10–2 CM) (× 10–2 CM)

N MIN MAX x– ± SD N MIN MAX x– ± SD

Men 113 40.00 84.47 53.73 ±8.31 88 40.54 65.97 46.56 ±9.53 0.001
Women 32 29.00 48.64 40.30 ±4.08 44 33.86 47.39 39.14 ±3.52 0.2
N – number of patients, Min – minimal value, Max – maximal value, x– ± SD – mean value plus minus standard deviation; p – significance level

Table VII. Ventro-dorsal thickness of the of the 6 types distinquished changes of tracheal cartilages, considering
patient gender (× 10–2 cm)

TYPE MEN WOMEN P

OF N CARTILAGE THICKNESS N CARTILAGE THICKNESS
CHANGE MIN MAX x– ± SD MIN MAX x– ± SD

1 6 33.24 56.28 43.07 ±7.04 9 25.07 43.38 33.77 ±4.84 0.02

2 41 39.00 75.56 53.66 ±10.34 8 27.79 52.17 41.39 ±1.44 0.01

3 124 28.00 70.00 45.20 ±8.27 210 18.00 55.70 37.84 ±6.21 0.001

4 36 36.93 68.93 49.95 ±7.77 27 28.00 52.08 39.71 ±5.69 0.001

5 28 37.12 71.56 51.76 ±7.85 11 25.00 42.95 39.60 ±5.69 0.001

6 60 34.70 82.44 56.14 ±10.79 10 37.56 52.17 42.68 ±4.37 0.001

Total 295 28.00 82.44 49.76 ±10.08 275 25.00 55.70 38.24 ±6.13 0.001

N – number of cartilages, Min – minimal value, Max – maximal value, x–± SD – mean value plus minus standard deviation, p – significance level
Types: 1 – normal cartilage, 2 – chondrolysis and asbestoid foci, 3 – eosinophilic staining of cartilage, chondrocytic desintegration and calcium dust, 
4 – massive calcium deposits, 5 – coexistence of calcium deposits and osseous metaplasia foci, 6 – osseous metaplasia of the cartilage
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ness of metaplastic and unchanged cartilages in the
same trachea also showed a significant difference, but
only in men (Table VI).

We also evaluated the relationship between the
thickness of the cartilages, depending on the six
diagnosed types of lesions (Table VII). The mean
thickness of all male cartilage types was significantly
greater than that of female patients. Considering
both sexes, the healthy cartilages were significantly
thinner than type 2, 4 and 6 cartilages. Type 2
(chondrolysis) and type 6 (osseous metaplasia) carti-
lages were the thickest. However, there were no sta-
tistically significant differences between these types.

Discussion

The greater part of the cartilage is made up of
extracellular matrix composed of water, type II colla-
gen, and proteoglycans [8, 9]. With the process of
aging the extracellular matrix is subjected to signifi-
cant biochemical [1, 9, 10] and biomechanical
changes [6, 11], which can be seen through increased
hyalinization, granular-protein degeneration of
chondrocytes, and ultrastructural swelling of colla –
gen fibres with the deposition of calcareous salts on
its surface [12]. We determined the final stage of the
process, including asbestoid degeneration and ossifi-
cation, as osseocalcineus metaplasia [3, 7].

Since this condition is diagnosed in 20-50% of the
elderly, it is considered a physiological process con-
nected with the process of aging [9]. In our material
osseocalcineus metaplasia was observed in 47.60% of
cases, nearly 2.5-fold more often in men as compared

to women, already developing during the third
decade of life [3, 9]. One should consider this 
a pathological process, being connected with the
above-mentioned retrograde changes [1, 2, 9-12].

In our material the thickness of metaplastic and
normal cartilages was significantly different in men,
probably connected with the development of meta-
plasia. Such a connection was not observed in
women. Here, the mean thickness of metaplastic and
normal cartilages demonstrated no significant differ-
ence. Considering both sexes, the thickness of these
cartilages was positively correlated with patient age.
In spite of the fact that the average age of female
patients was higher than that of men, the occurrence
and extent of metaplastic lesions were significantly
lower as compared to male patients. Osseocalcineus
metaplasia in female patients occurred abruptly,
although twenty years later than in men, that is dur-
ing menopause, when the activity of gonads is
decreased. One should consider that the oestrogens,
which protect vessels, play an important role in the
delayed atherosclerotic process, occurring later and
with a dynamism of development much weaker than
in men. In the end, the above factor could be respon-
sible for the primary supply of nutritional substances
to the tracheal cartilages. Unfortunately, no data are
available in the literature. In our material, cartilage
thickness measurements demonstrated that every
above-mentioned type of change was significantly
greater in male as compared to female patients.
Thus, the following question arises: does the initial
thickness of the cartilages condition the development
of such lesions, or do they lead towards secondary

male

female

Male: y = 0.2279x + 37.437, p < 0.001

Male: y = 0.0762x + 33.247, p < 0.014

Fig. 1. Correlation diagram of age and tracheal cartilage thickness for male and female
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pathological distention of them? In both male and
female patients the thickest cartilage was diagnosed
when chondrolysis and osseous metaplasia foci devel-
oped. This question remains unresolved.

Acknowledgement

The technical assistance of mgr Regina Sośnik is
gratefully acknowledged.

References

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

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

3. Sośnik H, Sośnik K. Investigations into human tracheal carti-
lages osseocalcineus metaplasia I. Radiographic findings. Folia
Morphol 2008; 67: 143-149.

4. Bochenek A, Reicher M. Anatomia człowieka. T2: PZWL,
Warszawa 1998; 378-384.

5. Marciniak T. Anatomia prawidłowa człowieka 1th ed. PZWL,
Warszawa 1964, T2: 139-142.

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

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

8. Li S, Duan H, Nagata T. Age-related alterations of proteogly-
can in mouse tracheal cartilage matrix: an electron histo-
chemical analysis with the cationic dye of polyethyleneimine.
Cell Mol Biol 1994, 40: 129-135.

9. Kasafuka K, Yamaguchi A, Kayano T, et al. Ossification of
tracheal cartilage in aged humans: a histological and immuno-
histochemical analysis. J Bone Miner Metab 2001; 19: 168-
174.

10. Rains JK, Bert JL, Roberts CR, et al. Mechanical properties of
human tracheal cartilage. J Appl Physiol 1992; 72: 219-225.

11. Roberts CR, Pare’ PD. Composition changes in human tra-
cheal cartilage in growth and aging, including changes in pro-
teoglycan structure. Am J Physiol 1991; 261 (Lung Cell Mol
Physiol, 5): L 92-L101.

12. Bonucci E, Cuicchio M, Dearden LC. Investigation of ageing
in costal and tracheal cartilage of rats Z. Zellforsch 1974; 147:
505-527.

Address for correspondence

Henryk Sośnik MD, PhD
ul. Jaracza 82B/4
50-305 Wrocław 
phone: +48 71 791 41 29
fax: +48 71 32 80 123
e-mail: hsosnik@kn.pl


