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ABSTRACT

Background:Costal cartilage calcification progresses with age and shows differences in sexual preponderance. Studies have been done on these
parameters. But, few studies have been done encompassing both age, sex and effect of calcification on chest expansion.

Aims: 1. To study the incidence of costal cartilage calcification in different age groups in both sexes.2. To evaluate the effect of costal cartilage
calcification on chest expansion in the same population.

Materials and methods: Data was analyzed using Chi-Square test with yate's correction in IBM SSPS statistics 24 and MS excel.

Results: In our study, distribution of costal cartilage calcification in different age groups were 3 in the age group of 30-40 years (9%), 5 in 41-50
years (15%),91in 51-60 years (26%) &17 cases in 61 to 70 years (50%). The mean chest expansion was 2.331 with SD 0.827 with range of 1cm-4cm
& Standard Error of Mean (SEM) 0.0832. Chi squared value was 19.042 with 1 degrees of freedom. Two tailed P value was <0.0001.

Conclusions: In both male & female, costal cartilage calcification followed similar distributions with males (56%) being affected more than
females (44%). Apart from the age group of 41-50 years, males were affected more than females in all age groups. In both genders, incidence of
costal cartilage calcification was low in the age group of 30-40 years & gradually increased with age. Below the chest expansion range of 2.5 cm,
the incidence of costal cartilage calcification increases significantly indicating its effect on chest wall rigidity. Since costal cartilage calcification
significantly reduces chest wall flexibility with increasing age and increases workload of respiration, it is an important factor to be kept in mind
while treating and evaluating the chest X-ray of aged patients complaining dyspnea on exertion.
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INTRODUCTION

The skeleton of the thoracic wall consists of twelve thoracic vertebrae,
twelve pairs of ribs with their costal cartilages and the sternum. These
twelve pairs of ribs articulate with the vertebral column posteriorly and
is continued as costal cartilages anteriorly to join the sternum. The first
chondrosternal joint is a primary cartilaginous joint which is known to
ossify as early as 15 years of age. It provides stability to the
sternoclavicular joint during movement of the shoulder girdle. Second
to seventh chondrosternal joints are synovial type of joints which
provides mobility to the chest wall. The number of ribs may be
increased by cervical or lumbar ribs or reduced by the absence of the
twelfth pair. The first seven pairs are connected to the sternum by costal
cartilages, and are referred to as the true ribs. The remaining five are the
false ribs: the cartilages of the eighth to tenth usually join the
suprajacent costal cartilage, whereas the eleventh and twelfth ribs,
which are free at their anterior ends, are termed the 'floating' ribs. Ribs
increase in length from the first to seventh, and thereafter diminish to
the twelfth. A typical rib has a shaft with anterior and posterior ends.
The anterior, costal, end has a small concave depression for the lateral
end of its cartilage. The shaft has an external convexity and is grooved
internally near its lower border, which is sharp, whereas its upper
border is rounded.

The posterior, vertebral end has a head, neck and tubercle. The head
presents two facets, separated by a transverse crest. The lower and
larger facet articulates with the body of the corresponding vertebra.
The costal cartilages are flat bars of hyaline cartilage that extend from
the anterior ends of the ribs and contribute greatly to thoracic flexibility
and elasticity. The hyaline costal cartilage is a flexible linkage
connecting the bony ribs to the sternum. It is known to calcify in
humans. Chondrocytes secrete Alkaline phosphatase which
hydrolyses alkaline phosphates to free phosphate ions. The latter
combines with soluble calcium of the tissue fluid to precipitate in the
matrix of cartilage tissue as calcium phosphate. This process is known
as calcification. The costal cartilages are visible on radiographs only
when there is calcification within them. Costal cartilages are prone to
calcification after adolescence. Prevalence of costal cartilage
calcification increases with age from about 6% in 3rd decade of life to
45%in 9" decade of life. Radiographic examination of costal cartilages
is useful and convenient for estimating age and sex of an individual.

The individual variation in the appearance of first costal cartilage
calcification can be used for the identification of individuals by chest
radiographs. Previous studies have attempted to correlate costal
cartilage calcification with many pathological states, e.g.
arteriosclerosis, nutritional state, metabolic or endocrine changes and
genetic variation. Differences between males and females in costal
cartilage calcification were first described in 1955 in a study which
emphasised endocrine influences on the calcification of the hyaline
cartilages. Mineralisation in the first rib cartilage are physiological,
age related changes, which cannot be regarded as degenerative
processes. Ossifications appear sooner and more massively in the first
than in other ribs. They are often complete, especially in men.

Costochondral calcification (CC) is uncommon in people under 30
years of age and follows gender related pattern. Although age
estimation is used for identification purposes in the developed
countries, in some countries, it is carried out to determine the real age
of a person with an already known identity because of inaccurate birth
records especially in rural regions. Bone and cartilage are important
tissues in determining the age of death in forensic medicine. Bones,
even fragments, can be used for age prediction microscopically and
provide an approximate age-at death. One of the other structures
studied for this reason is costochondral junction. Vastine et al. have
shown striking similarities in the costal cartilage calcification pattern
of a pair of homozygotic twins and have concluded that costal cartilage
calcification is determined primarily by genetic influences. Our study
will be encompassing the distribution of costal cartilage calcification
in different age groups in both male and female and its effect on chest
expansion.

The reduction of lung flexibility in combination with respiratory
muscle weakness and chest wall stiffening due to ageing diminishes
pulmonary function. The weakening of the respiratory muscles and the
stiffening of the chest wall due to calcification of costal cartilages and
sternocostal joints are common age-related changes seen in 26% of
population, which may result in a substantial decrease in volume
displacement of the lungs during respiration. Thoracic cage
calcification usually initiates from costochondral junctions and
extends toward the sternocostal junctions. Thoracic expansion
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measurement is commonly used as an outcome parameter during in-
hospital treatment or in the outpatient clinic. It is simple tool and takes
less time. Thoracic expansion that is difference between inspiration
and expirationinadultis 3 to 7.5 cm.

MATERIALSAND METHODS

Present Single institution based cross sectional study was conducted at
Department of Anatomy with purposive sampling was conducted in
department of Radiodiagnosis, among 100 subjects (50 Male and 50
female) in the age group of 30 to 70 years attending outpatient
department of Vardhman Institute of Medical Sciences, Pawapuri,
Nalanda, Bihar, as attendant of patients and were not suffering from
any known lung disease, over a study period of 1 year and 6 months
approx. from August 2016 to February 2017.

Study tools included X-ray machine, Measuring tape and Centimeter
scale with gradation in millimeter. A detailed history with review of
previous reports was taken from all the subjects in pertinence to
inclusion and exclusion criteria as briefed below.

INCLUSION CRITERIA:
a) Healthy subjects, not suffering from any known lung disease.
b) Subjects within age group of 30-70 years.

EXCLUSION CRITERIA

a) Subjects with known lung disease.

b) Seriously ill persons.

¢) Smokers.

d) Pasthistory of chestinjury.

e) Persons not willing to participate in the study.

Those who fitted in inclusion criteria underwent chest X-ray posterior-
anterior view and their chest expansion was measured with a
measuring tape in centimeter at the level of xiphoid process. The
measuring tape was encircled firmly and horizontally around the chest
wall at the level of xiphoid. Xiphoid notch is the bony, inverted “V” at
the base of the sternum. The subject were instructed to keep their hands
on their heads and to hold breath once in the end of full inspiration &
again at the end of full expiration. Two chest expansion measurements
were taken for each subject. One chest circumference measure was
taken at full inhalation and a second one at full exhalation. Subtracting
the values yield the maximum chest expansion of an individual.

RESULTS

In our study, distribution of costal cartilage calcification in different
age groups are 3 in the age group of 30-40 years (9%), 5 in 41-50 years
(15%),9in 51-60 years (26%) &17 cases in 61 to 70 years (50%) (table
1). Distributions of costal cartilage calcification in male (56%) and
females (44%). In different age groups, incidence of costal cartilage
calcification in males are 10% in 30-40 years, 11% in41-50 years, 26%
in 51-60 years & 53% in 61-70 years. (table 2) In females are 7% in 30-
40 years, 20% in 41-50 years, 27% in 51-60 years & 46% in 61-70
years (table 3). Table 7 shows the distribution of calcifications in
different ranges of chest expansion are 20 cases of costal cartilage
calcification in the range of 1-1.5 cm, 11 cases in 1.6-2 cm, 2 cases in
2.1-2.5 cm & 1 in the range of 3.6-4 cm. The same distribution in case
of' males are 10 cases in range of 1-1.5 cm, 6 cases in range of 1.6-2 cm
& lcase inrange of 3.6-4 cm. (table 8) In case of female the distribution
are 10 cases in range of 1-1.5 cm, 5 cases in range of 1.6-2 cm & no
cases were found in the rest of the ranges (table 9).

The persons with chest expansion range below 1.5 cm had complains
of dyspnea on exertion which can be contributed to the increased
rigidity of chest wall since they were not suffering from any known
lung disease like COPD or Ankylosing Spondylitis. The mean chest
expansion was 2.331 with SD 0.827 with range of lem-4cm &
Standard Error of Mean(SEM) 0.0832. Statistical correlation between
costal cartilage calcification and chest expansion was done by Chi-
Square test with yate's correction. Chi squared value was 19.042 with 1
degrees of freedom. Two tailed P value was <0.0001 by conventional
criteria, it is statistically significant. (table 11). In case of males, the
mean of chest expansion was 2.34+0.898 & SEM 0.128 with range of
lem-4cm & Chi squared value 7.131 with 1 degrees of freedom. Two
tailed P value is 0.0076. By conventional criteria, it is statistically
significant. In case of females, the mean of chest expansion was
2.322+0.759 & SEM 0.108 with range of 1cm-4cm. Chi squared value

9.925 with 1 degrees of freedom. Two tailed P value is 0.0016. By
conventional criteria, it was statistically significant.

Table 1 : Distribution of Calcification of Costal Cartilages in
Different Age groups (n=100)

Age groups (yrs)|Calcification absent|Calcification present|Total
30-40 12 03 15
41-50 21 05 26
51-60 18 09 27
61-70 15 17 32
Total 63 37 100

Table 2 : Distribution of Costal Cartilages calcification in Males in
Different Age groups

Age groups (yrs) Calcification Calcification Total
[M] absent present
30-40 4 2 6
41-50 7 2 9
51-60 10 5 15
61-70 10 10 20
Total 31 19 50

In males, the incidence of calcifications increases with age, mostly
affecting the age group of 61-70 years.

Table 2 : Distribution of Costal Cartilages calcification in Males in
Different Age groups

Age groups (yrs) |Calcification absent|Calcification present|Total
30-40 4 2 6
41-50 7 2 9
51-60 10 5 15
61-70 10 10 20
Total 31 19 50

Table 3 : Distribution of Costal Cartilages calcification in Females
in Different Age groups

Age groups |Calcification absent|Calcification present| Total
(yrs) [F]
30-40 08 01 09
41-50 14 03 17
51-60 08 04 12
61-70 05 07 12
Total 35 15 50

The incidence of costal cartilage calcification increases in females with
increasing age similar to males mostly affecting the 61-70 years of age

group.

Table 4 : Distribution of Costal Cartilages calcification in both
genders

Sex Calcification absent | Calcification present |Total
Male 31 19 50
Female 35 15 50
Total 66 34 100

Table 5 : Comparison of incidence of costal cartilage calcification
in two genders in different age groups

Age groups Calcification Calcification present |Total
(yrs) present (Male) (Female)
30-40 02 01 03
41-50 02 03 05
51-60 05 04 09
61-70 10 07 17
Total 19 15 34

Apart from the age group of 41 50 years, males are affected more than
females.

Table 6 : Distribution of chest expansion in different age groups
(n=100) Chest expansion Ranges

Age groups| 1-1.5| 1.6-2.0 |2.1-2.52.6-3.0/3.1-3.5| 3.6-4.0 |Total
30-40 00 02 4 4 0 5 15
41-50 0 4 2 14 4 2 26
51-60 4 6 13 4 0 0 27
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61-70 16 13 03 0 0 0 32
Total 20 25 22 22 4 7 100
Maximum range of chest expansion is seen in age group of 30-40
years. Chest expansion gradually decreases as age advances. The
minimum chest expansion of 1-1.5 cm is seen in 61-70 years of age
group. In case of male Minimum chest expansion is seen in 61 -70
years of age group in males. In case of female with exception of the
range 3.1-3.5 cm of expansion, where no case was found, the pattern is
similar to males, decreasing chest expansion with increasing age.

Table 7 :Distribution of Calcification with Chest Expansion (n=100)

Expansion (cm) |Calcification absent|Calcification present|Total
1-1.5 00 20 20
1.6-2.0 14 11 25
2.1-2.5 20 02 22
2.6-3.0 22 02 22
3.1-3.5 04 00 04
3.6-4.0 06 01 07
Total 66 34 100

The incidence of calcification is more in the minimum range of chest
expansion (lecm-1.5cm).

Table 8 : Distribution of Calcification with Chest Expansion in
Males (n=50)

Expansion (cm) |Calcification absent|Calcification present| Total

1-1.5 00 10 10
1.6-2.0 08 06 14
2.1-2.5 09 02 11
2.6-3.0 06 00 06
3.1-35 04 00 04
3.6-4.0 04 01 05
Total 31 19 50

In males, with increasing incidence of costal cartilage calcification,
chest expansion decreases significantly.

Table 9 : Distribution of Calcification with Chest Expansion in
Females (n=50)

Expansion (cm) |Calcification absent|Calcification present| Total

1-1.5 00 10 10
1.6-2.0 06 05 11
2.1-2.5 11 00 11
2.6-3.0 16 00 16
3.1-35 00 00 00
3.6-4.0 02 00 02
Total 35 15 50

In case of females also, increasing incidence of costal cartilage
calcification, chest expansion decreases Significantly.

Table 10 : Mean and Standard Deviation of Chest Expansion

Mean [Median| SD | SEM [Total Cases| Range

Total study |2.331| 2.5 [0.8270.0832 100 1-4cm
population

Male 234 | 24 [0.898]0.128 50 1-4cm

Female [2.322| 2.5 [0.759]0.108 50 1-4cm

Table 11 : Correlation between costal cartilage calcification and
chest Expansion (Chi-square Test with Yate’s correction)

Costal Costal Total
calcification | calcification
present absent
Chest expansion below 2.5 cm 17 15 32
Chest expansion above 2.5 cm 18 00 18
Total 35 15 50

Chi squared equals 19.042 with 1 degrees of freedom Two tailed P
value is <0.0001. by conventional criteria, it is statistically significant.

Fig 2: Chest Radiograph showing calcification
|

DISCUSSION

Calcification of the hyaline costal cartilages is known to occur with
increasing age & with various diseased conditions. Costal cartilage
calcification can affect the normal elasticity of the thoracic cage and
decrease the range of chest expansion. Chest expansion can be
measured in antero-posterior & transverse planes by special calipers.
Circumferential measurement can be taken by a centimeter tape
around the chest.

Calcification of costal cartilages lead to decrease in “bucket-handle”
movement of the ribs & decreased flexibility of ribcage. Exertional
dyspnea in elderly people can occur due to this cause. Apart from the
age group of 41-50 years, males are affected more than females in all
age groups which is consistent with findings of Charles Teale (1989).
King JB (1939) observed that calcification of costal cartilages is rare
before age of twenty and occur with advancing age which is observed
more frequently and more extensively in costal cartilage of first rib
than others and established that the condition begins at an earlier age in
the male sex. He reasoned that costal cartilage calcification is a
physiological response of a connective tissue to the strains imposed
upon it by muscular action to react towards greater rigidity of anterior
chest wall following the assumption of upright posture. McCormick
(1980) examined radiograph of calcification of costal cartilages from
chest plates of 210 cadavers and indicated a roughly linear increase in
mineralization with advancing age.

It is also observed that there are traces of costal cartilage calcification
in all cadavers over the age of 25 years, moderate calcification in 40
years, dense calcification in only two individuals below the age of 55
years.

Charles Teale et al (1989) studied 700 chest radiographs, 100 (50 men
and 50 women) from each of 3rd to 9" decades. He examined each
radiograph to determine the site and extent of calcific changes in costal
cartilages.

He observed that prevalence of costal cartilage calcification increased
from 6% in the 3rd decade to 45% in the 9th decade and was commoner
in men. Barchilor V (1996) studied the extent of costochondral
ossification of the first rib from 78 chest radiographs of 13 healthy male
soldiers subjected to a periodic follow-up.

Radiographs were taken at a mean interval of 2.9 years over a fifteen-
year period. His results showed that calcification of the first costal
cartilage start early in adult life and progress at individual rates
proceeding from the costal towards the sternal end of the cartilage. The
morphological age related changes ranged from formation of small
osseous islands in the cartilage to a complete ossification between the
firstrib and the sternum.

Pushpa MS in her study, showed there is an increase in grading of
costal cartilage calcification of first rib with increase in age.

Vaziri et al, in their study showed that calcification of the costal
cartilages cause significant reduction in rib movement and thoracic
cage volume displacement. Costal cartilage and joint calcification
generate a greater resistance against rib cage expansion. This increased
resistance, imposes an increased load on muscles and may partially
account for a sense of increased respiratory effort. Moll & Wright in
their study showed gradual decrease in chest expansion with
increasing age. The present study is corroborative with these studies.

CONCLUSION

In the present study, the incidence of costal cartilage calcification in
different age groups were studied which were 9% in the age group of
30-40 years, 15%in41-50years, 26% in 51-60 years & 50%in 61 to 70
years. In both male & female, costal cartilage calcification follows
similar distributions with males (56%) being affected more than
females (44%). In different age groups, incidence of costal cartilage
calcification in males are 10% in 30-40 years, 11% in 41-50 years, 26%
in 51-60 years & 53% in 61-70 years and that in females are 7% in 30-
40 years, 20% in 41-50 years, 27% in 51-60 years & 46% in 61-70
years. Apart from the age group of 41-50 years, males are affected
more than females in all age groups. In both genders, incidence of
costal cartilage calcification was low in the age group of 30-40 years &
gradually increased with age. The distribution of calcifications in
different ranges of chest expansion are 20 cases of costal cartilage
calcification in the range of 1-1.5 cm, 11 cases in 1.6-2 cm, 2 cases in
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2.1-2.5 cm & 1 in the range of 3.6-4 cm. The mean of chest expansion
is 2.331 with SD 0.827 & Standard Error of Mean 0.0832 with range of
lcm-4cm. The same distribution in case of males are 10 cases in range
of 1-1.5 cm, 6 cases in range of 1.6-2 cm & 1case in range of 3.6-4 cm.
the mean of chest expansion was 2.34+0.898 and SEM 0.128 with
range of lcm-4cm. In case of female the distribution are 10 cases in
range of 1-1.5 cm, 5 cases in range of 1.6-2 cm & the mean of chest
expansion was 2.322+0.759 and SEM 0.108 with range of 1cm-4cm.

It shows that below the chest expansion range of 2.5 cm, the incidence
of costal cartilage calcification increases significantly indicating its
effect on chest wall rigidity. The persons with chest expansion range
below 1.5 cm had complains of dyspnea on exertion which can be
contributed to the increased rigidity of chest wall due to costal cartilage
calcification since they were not suffering from any known lung
disease like COPD or Ankylosing Spondylitis. Since costal cartilage
calcification significantly reduces chest wall flexibility with increasing
age and increases workload of respiration, it is an important factor to
keep in mind in treating as well as during studying the chest X-ray of
aged patients complaining dyspnea on exertion.
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