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PURPOSE 
We aimed to evaluate the postnatal development and the 
maturation of the sternum and sternal variations using mul-
tidetector computed tomography (MDCT). Additionally, we 
aimed to examine the roles of gender and age in sternal de-
velopment. 

MATERIALS AND METHODS
Two hundred and fifty patients who underwent thorax 
MDCT examinations were evaluated for sternal development 
and variations. Coronal curved planar reconstruction and 
maximum intensity projection images were used to better as-
sess the ossification centers in the manubrium and the body 
of the sternum. Multiplanar images were used to accurately 
measure the thickness and the sagittal dimension of the ma-
nubrium, the sagittal dimension of the body, and the total 
sagittal dimension of the sternum in the sagittal plane. 

RESULTS
No significant differences in the manubrium measurements 
were observed between the genders. The  thickness and 
sagittal dimension of the manubrium, sagittal dimension of 
the body, and total sagittal dimension of the sternum in the 
sagittal plane were significantly different between the age 
groups. We evaluated the ossification centers; shape and de-
velopmental variations in the manubrium and body; direc-
tion, calcification, and termination of the xiphoid process; 
developmental variations in the  xiphoid process; and manu-
briosternal and sternoxiphoidal fusion. Significant variations 
were observed from person to person. 

CONCLUSION
The anatomy and the developmental properties of the ster-
num should be well understood in cases of potential chest 
and sternum injuries and in several surgical procedures. 
Therefore, knowledge of the development and the matu-
ration of the sternum, and sternal variations and anomalies 
is important. We suggest that the postnatal development 
and the morphogenesis of the sternum can be adequately 
assessed using MDCT. 

T he sternum is a flat bone that extends vertically through the mid-
dle of the anterior thoracic cage. The sternum consists of the fol-
lowing three parts: the manubrium, the body, and the xiphoid 

process (XP) (1, 2). The sternum develops over a long period of time, 
which begins during the prenatal period and continues through the 
third and fourth decades of the postnatal period (3–6). Ossification cen-
ters in the manubrium and the body form on cartilage plates that are 
located on both sides of the middle line during the prenatal period. 
The ossification centers in the manubrium generally merge before birth. 
Two or more ossification centers that develop on each segment of the 
mesosternum (body) are referred to as sternebrae, which are located on 
cartilage plates on both sides of the middle line. From 6–12 years of age, 
the ossification centers usually merge completely into a single ossifica-
tion center. The calcification and the fusion of the sternebrae are usually 
complete by 25 years of age (6–8). Postnatal development, maturation, 
and ossification center development of the sternum differ significantly 
from person to person. 

Several radiographic studies in the literature have evaluated sternal de-
velopment and its variations; however, few studies have used computed 
tomography (CT) to assess sternal development and sternal variations in 
pediatric and early adult groups. Multidetector CT (MDCT) has become 
the primary imaging method for assessing the sternum due to its higher 
image quality and its ability to perform a three-dimensional evaluation. 
In this study, we aimed to evaluate postnatal development, maturation, 
ossification centers and variations in the sternum using MDCT, and we 
aimed to examine the roles of gender and age in sternal development.

Materials and methods
Patient selection

The study included patients who were 0–25 years of age and who un-
derwent a chest CT with MDCT at our department from 2011–2012. The 
upper age limit for the study was 25 years of age because many stud-
ies have found that sternum ossification and fusion of the sternebrae 
are complete by 25 years of age. Patients who underwent thorax exam-
inations with MDCT for various reasons, such as pulmonary infection, 
malignant tumor development, foreign body aspiration, and thoracic 
and pulmonary abnormalities, were included in the study. Patients were 
not exposed to unnecessary radiation and were not administered drugs 
because all the selected patients had undergone mandatory thoracic CT 
examination for other reasons. Patients with sternal deformities, a histo-
ry of severe chest trauma, a history of thoracic or sternal surgery, a ster-
nal mass or infection, chronic disease, or malnourishment were exclud-
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ed from the study. Our study included 
patients whose sternums were unaf-
fected by disease. The study excluded 
pediatric patients who were examined 
with MDCT because of developmental 
problems or growth retardation. 

A total of 250 patients were evalu-
ated, and 10 people were randomly 
chosen from every age group without 
gender distinction. We excluded 50 
patients who were 21–25 years of age 
from the statistical analysis, and we 
used 200 patients who were 0–20 years 
of age because the calcification and 
the fusion of the sternebrae are usually 
complete by 21–25 years of age. All the 
cases were divided into four age groups 
(0–5, 6–10, 11–15, and 16–20 years).

MDCT protocol
A 64-row MDCT scanner (Toshiba 

Aquilon, Toshiba Medical Systems, 
Otawara, Japan) was used for all the 
thoracic CT procedures. A routine 
thoracic CT protocol was followed. 
Axial plane images were obtained and 
were transferred to a workstation for 
post-processing. At the workstation 
(Basic Vitrea®2, version 4.0), maximum 
intensity projection (MIP), curved pla-
nar reconstruction (CPR), and multi-
planar reformatting (MPR) of the sag-
ittal and coronal plane images were 
performed, and three-dimensional im-
ages of the sternum were obtained.

Assessment of the images
After downloading all the imag-

es to the workstation, MIP, CPR, and 
MPR of the sagittal and coronal plane 
images were performed, and three-di-
mensional images of the sternum were 
obtained for better identification of 
the anatomical details, the ossification 
centers, and the developmental vari-
ations in the sternum. CPR and MIP 
images were used to better assess the 
centers of ossification in the manubri-
um and the body. MPR images were 
used to accurately measure the thick-
ness and the sagittal dimensions in the 
sagittal plane.

We used the sagittal dimensions of 
the manubrium (SDM) the thickness of 
the manubrium (TM) (both measured 
at the thickest and the thinnest part), 
the sagittal dimensions of the body 
(SDB), and the total sagittal dimen-
sions of the sternum (TSDS) to evaluate 

the postnatal development of the ster-
num based on age and gender. Parallel 
measurements of the sagittal plane of 
the sternum on multiplanar MDCT im-
ages were used to minimize errors that 
arose from the angulations of the ster-
num (Fig. 1). The TM, SDM, SDB, and 
TSDS measurements were obtained by 
the same researcher a total of three 
times in intervals. The relationship be-
tween the three readings was assessed 
using the intraclass correlation test. 
The TM, SDM, SDB, and TSDS mea-
surements were all statistically similar 
(r=0.98, P < 0.001; r=0.96, P < 0.001; 
r=0.94, P < 0.001; r=0.98, P < 0.001, re-
spectively).

In addition, the following variables 
were considered: the ossification cen-
ters and the ossification pattern types, 
the shape of the manubrium, the num-
ber of sternebrae on the mesosternum, 
age-specific sternebrae fusion, the 
morphological shapes of the sternum, 
the shape and the direction of the XP, 
calcification, manubriosternal and 
sternoxiphoidal fusion, developmental 
variations in the sternum, and anoma-
lies of the sternum.

Statistical analysis
The sternal development was statis-

tically evaluated according to age and 
gender. A commercially available soft-
ware (Statistical Package for Social Sci-
ences, version 15.0, SPSS Inc., Chicago, 
Illinois, USA) was used for the statistical 
analysis. Both descriptive and analyti-
cal statistics were used. The continuous 
variables were presented as the mean± 
standard deviation, whereas the cate-
gorical variables were displayed as the 

number or the frequency. The distribu-
tions of the continuous variables were 
tested using the Kolmogorov-Smirnov 
test. The chi-square test was used to 
compare the categorical variables. For 
the continuous variables, Student’s t 
test was performed. Comparisons of 
the normally distributed continuous 
variables between more than three 
groups were performed using one-way 
analysis of variance (ANOVA-Bonfer-
roni test). A P value less than 0.05 was 
considered statistically significant for 
all the statistical data.

Results
Two hundred patients who were 

0–20 years of age, 44.5% female (n=89) 
and 55.5% male (n=111), were in-
cluded in the study. No significant 
differences in the manubrium mea-
surements were observed between the 
genders (P = 0.120). The mean age was 
10.57±5.86 years for the male patients 
and 10.40±5.70 years for the female 
patients (P = 0.835).

The female and male patients had 
similar TM (9.74±2.65 and 10.26±3.03 
mm, respectively; P = 0.200) and 
SDM (34.43±11.67 and 34.62±12.01 
mm, respectively; P = 0.913) measure-
ments. The mean SDB measurements 
were 70.11±23.31 mm for the male 
patients and 60.99±17.76 mm for the 
female patients. The SDB was signifi-
cantly larger in the male patients (P = 
0.002). The mean TSDS measurements 
were 109.07±33.57 mm for the male 
patients and 98.28±28.76 mm for the 
female patients. The TSDS was signifi-
cantly larger in the male patients (P = 
0.015). 

Figure 1. a–d. Multiplanar reformatted MDCT images show the thickness of the manubrium 
(TM) (a), the sagittal dimension of the manubrium (SDM) (b), the sagittal dimension of 
the body (SDB) (c), and the total sagittal dimension of the sternum (TSDS) (d), which were 
obtained to minimize errors caused by angulation. 
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The TM, SDM, SDB, and TSDS values 
were significantly different between 
the age groups (Table 1). Compared to 
their age groups in each age group sep-
arately, The avarages of measured TM, 
SDM, SDB, and TSDS were statistically 
different from each other (P = 0.0001). 
The manubrium develops similarly ac-
cording to age in both genders in the 
postnatal period. 

Ossification patterns
A total of 139 cases in the age group 

of 0–15 years were evaluated to de-
termine the ossification pattern types 
because the ossification centers in the 
sternebrae generally fuse at 12 years of 
age. In the 139 cases, the type 2 ossifi-
cation pattern was the most common 
pattern, which occurred in 97 cases 
(67%). The type 1 ossification pattern 
occurred in 39 cases (28%), and the 
type 3 ossification pattern was detect-
ed in seven cases (5%).

Ossification centers, shape, and 
developmental variations in the 
manubrium and manubriosternal fusion

The manubrium was spherically 
shaped in 36 cases aged 0–15 years. 
The spherical shape of the manubrium 
was identified in 19/50 cases (11 males 
and eight females) in the age group of 
0–5 years, 11/50 cases (four males and 
seven males) in the age group of 6–10 
years, and 6/50 cases (six males) in 
the age group of 11–15 years (Fig. 2a, 
2b). Two to four ossification centers in 
the manubrium were identified in 28 
cases 0–10 years of age. Additionally, 
partial fusion was observed in sever-
al of these cases (Fig. 2c–l). Five cases 
had suprasternal bone, of which three 
were bilateral and two were unilateral 
(Fig. 3a, 3b). A bilateral tubercle was 
located on the upper part of the ma-
nubrium in nine cases, and a unilater-
al tubercle was identified in one case 
(Fig. 3c, 3d). Full fusion was observed 
in six cases, and partial manubrioster-
nal fusion was identified in six cases. 
The earliest fusion occurred in the age 
group of 6–10 years. Table 2 shows the 
distribution of the manubrium shapes, 
the number of ossification points, and 
manubriosternal fusion according to 
age and gender.

Ossification centers, sternebrae fusion, 
and shape and developmental variations 
in the body

The patients in the age group of 0–15 
years (n=150) were evaluated to deter-
mine whether the ossification centers 
and the sternebrae had fused partially 
or completely. In our cases, the sterne-
brae had one to four ossifications cen-
ters that were localized on either side 
of the midline. The female patients 
had significantly less sternebrae than 
the male patients. Two sternebrae in 
three female patients, three sternebrae 
in 50 female patients, and four stern-
ebrae in 13 female patients were ob-
served. Three sternebrae were observed 
in 47 males, and four sternebrae were 
observed in 37 males. In our study, fu-
sion of the third and fourth sternebrae 

and the second and third sternebrae 
was fully complete in patients 16–20 
years of age; however, non-fusion of 
the first and second sternebrae had oc-
curred in four cases 21–25 years of age. 
The number of sternebrae according 
to age and gender, and the ages when 
fusion of the sternebrae occurred are 
shown in Table 3. 

Sternal hypoplasia due to the ab-
sence of the development of the third 
sternebrae was observed in the age 
groups of 0–5 years (three females) and 
23–24 years (one male).

Manubriosternal structures were 
evaluated morphologically to deter-
mine whether ossification was partial-
ly or totally complete in 100 cases 16–
25 years of age. The flat shape was the 
most common shape of the sternum 
(68%). The longitudinal oval shape 

Table 1. Sagittal dimensions (mm) of sternum in different age groups

                                   Age groups

 0–5 years  6–10 years 11–15 years 16–20 years
 (n=50) (n=50) (n=50) (n=50) P a

SDM 20.45±4.61 29.53±4.98 39.43±5.54 48.73±5.85 0.0001

TM 6.95±1.14 8.68±1.13 11.03±1.68 13.46±1.91 0.0001

SDB 42.71±10.51 57.28±7.55 75.14±14.25 89.08±15.50 0.0001

TSDS 68.53±10.51 91.07±9.69 116.53±22.65 140.96±18.52 0.0001

aOne-way analysis of variance.
SDB, sagittal dimension of the body; SDM, sagittal dimension of manubrium; TM, thickness of manubri-
um; TSDS, total sagittal dimension of the sternum. 
Data are given as mean±standard deviation.

Figure 2. a–l. Three-dimensional MDCT images show the type and number of ossification 
centers in the manubrium in 12 cases: a circular and ovoid ossification center of the 
manubrium (a, b), two ossification centers of the manubrium (c–f), three ossification centers 
of the manubrium (g–i), and four ossification centers of the manubrium (j–l).
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was the second most common shape, 
and the O shape was the third most 
common shape (Fig. 4). 

Foramina were detected in 15 cases. 
In one case, a foramen was observed in 
the manubrium (Fig. 5a). Thirteen fo-
ramina were localized in the distal ster-
num (Fig. 5b), and two foramina were 

localized in the middle of the sternum 
(Fig. 5c, 5d). A pseudo-foramen was de-
tected at the sternoxiphoidal junction 
in three cases. A cleft was observed in 
10 cases, of which five had a foramen 
that was usually localized in the distal 
part of the sternum (Fig. 5e, 5f). In one 
case, the cleft was located on the ver-

tical and horizontal planes (Fig. 5g), 
and, two cases had wide clefts between 
the second and third sternebrae that 
were accompanied by a foramen in the 
middle of the sternum (Fig. 5h).

Direction, calcification, termination, and 
developmental variations of the xiphoid 
process 

The XP calcification, partial or total, 
was observed in 15 cases aged 0–5 years. 
In total, calcification was observed in 
116 cases. Of the patients with XP cal-
cification, eight had total calcification, 
and the other cases had partial calcifi-
cation. The termination of the XP was 
identified in a calcified XP. A single XP 
was observed in 101 cases, and a dou-
ble-ended XP was observed in 15 cases. 
Triple-ended XPs were not observed in 
our study. The deviation of the XP was 
identified in calcified and noncalcified 
XP. Ventral deviation was observed in 
135 XPs, whereas no deviation was ob-
served in 115 cases. Dorsal deviation 
was not observed in any of our cases. 
Sternoxiphoidal fusion was observed 
in 12 cases in the age group of 21–25 
years. The deviation, calcification, end 
termination, and variations of XP ac-
cording to age and gender are shown 
in Table 4.

Discussion
This study was performed with MDCT 

and is the most extensive research 
about the postnatal development, mat-
uration, and ossification centers of the 
sternum and sternal variations. Know-
ing the postnatal development, mat-
uration, and anatomy of the sternum 
is important for treating several bone, 

Table 2. Manubrium characteristics according to age and gender

 Manubrium shapes Number of ossification centers Manubriosternal fusion Variation and anomalies

 Spherical Trapezoid 2 3 4 Total Partial SSB SST

Age (years) M F M F M F M F M F M F M F M F M F

0–5 11 8 20 11 6 5 1 2 1 1 - - - - - - - -

6–10 4 7 21 18 3 5 - 1 - 1 1 - - - - - 1 1

11–15 6 - 23 21 1 - - - - - - - - 1 - - 2 -

16–20 - - 31 19 1 - - - - - - 2 1 3 - - 2 1

21–25 - - 41 9 - - - - - - 3 - - 1 2 3 2 1

Total 21 15 136 78 11 10 1 3 1 2 4 2 1 5 2 3 7 3

 36 214 21 4 3 6 6 5 10
F, female; M, male; SSB, suprasternal bone; SST, suprasternal tubercle.
Data are given as number of patients.

Figure 3. a–d. Three-dimensional and MIP MDCT images show one-sided suprasternal bone 
(SSB-1) (a), bilateral suprasternal bone (SSB-2) (b), a one-sided suprasternal tubercle (SST-1) 
(c), and a fused bilateral suprasternal tubercle (SST-2) (d).
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hematological, and developmental 
diseases and for planning thoracic sur-
gery, identifying possible postsurgery 
complications, preventing mediastinal 
organ injury, and performing intraos-
seous transfusions in pediatric popula-

tions. In addition, knowledge about the 
sternum is important in forensic medi-
cine and anthropology. 

The sternum begins to form in the 
lateral mesoderm plates during the 
sixth week of the prenatal period. These 

plates are located in the anterior chest 
wall and are shifted toward the midline. 
During the sixth week, the fused bilat-
eral sternal plates (the presternum) and 
the developing shoulder girdle appear 
simultaneously. Later, a pair of supra-
sternal cartilages appears in the crani-
um lateral to the presternum, and these 
cartilages form part of the manubrial ar-
ticulation with the clavicle. During the 
seventh week, the plates that extend 
across from the upper point to com-
plete the convergence in the craniocau-
dal direction by fusing. Lastly, the XP 
forms during the ninth week. 

The sternum is formed from bilateral 
sternal plates that chondrify and begin 
to fuse with the ribs at approximately 
10 weeks of gestation. Similar to other 
axial and appendicular skeletons, the 
sternum must chondrify before ossifi-
cation. Similar to the ribs, the clavicle, 
the skull, and the facial bones, sternal 
bone ossifies the cartilaginous segment 
of the sternum during endochondral 
ossification. The ossification centers of 

Table 3. Characteristics of the body of the sternum according to age and gender

 Number of sternebrae 1–2 fusion 2–3 fusion 3–4 fusion Variations and anomalies

 2 3 4 Fused Nonfused Fused Nonfused Fused Nonfused Foramen PseudoF Cleft

Age (years) M F M F M F M F M F M F M F M F M F M F M F M F

0–5 - 3 17 15 11 4 1 1 27 21 5 3 27 15 5 1 6 2 1 1 - - 1 -

6–10 - - 14 20 13 3 1 5 25 19 5 8 20 17 3 2 6 2 2 1 - - 2 -

11–15 - - 16 15 13 6 5 4 24 17 11 14 16 8 4 5 5 1 2 1 1 1 1 1

16–20 - - 8 4 11 - 16 17 15 2 26 19 4 5 - - - - 2 3 1 - 2 2

21–25 1 - 6 - 5 1 34 12 4 - 35 12 2 - - - - - 2 - - - - 1

F, female; M, male; PseudoF, pseudo-foramen.
Data are given as number of patients.

Table 4. Characteristics of XP according to age and gender

 XP deviations XP ossification XP termination     
S/XP

 No D Vtrl D Total 1/3 Sup 2/3 Sup 1/3 Mid Mid-inf MOF Single Double Triple F of XP fusion

Age (years) M F M F M F M F M F M F M F M F M F M F M F M F M F

0–5 11 6 19 14 - - 3 1 3 1 4 1 3 - - - 12 3 - - - - - - - -

6–10 14 15 11 10 - - - 2 2 3 1 - 1 2 1 0 4 7 - - - - - - - -

11–15 16 11 13 10 - - 3 2 2 - 5 5 1 2 - - 10 10 - - - - - - - -

16–20 21 10 10 9 2 - 3 4 10 3 - - 1 1 1 - 17 10 1 - - - - - - -

21–25 10 1 30 9 4 2 8 1 16 5 1 1 1 - 2 2 19 9 12 2 - -  1 8 4

Total 72 43 83 52 6 2 17 10 33 12 11 7 7 5 4 2 62 39 13 2 - -  1 8 4

 115 135 8 27 45 18 12 6 101 15 - 1 12

F of XP, foramen of the xiphoid process; Mid, middle; Mid-inf, middle inferior; MOF, multiple ossification foci; No D, No deviation; S/XP fusion, strenum/xiphoid 
process fusion; Sup, superior; Vtrl D, ventral deviation; XP, xiphoid process.
Data are given as number of patients.

Figure 4. a–c. Three-dimensional MDCT images of three different sternal body types: the flat 
shape (a), the longitudinal oval shape (b), and the O shape (c).

a b c
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the sternum are more similar to the os-
sification centers of the vertebrae than 
those of the long bone, and each of 
the centers are enveloped by a spher-
ical plate. 

Components of the sternum (the 
manubrium, the body, and the XP) are 
formed in the cartilage structures of the 
sternal plates that are located on each 
side of the midline after merging. The 
sternal cartilage plates that are located 
on both sides of the midline begin to 
calcify in the craniocaudal direction 
during the 15th week of the prenatal 
period. Calcification continues into 
the postpartum period. At birth, calci-
fied areas can only be observed in the 
manubrium and the mesosternum. XP 
calcification appears at six years of age 
(6, 9). Sternal ossification centers are 

monitored at the intercostal space in 
the midline, the manubrium, and the 
mesosternum. The manubrium usual-
ly has one ossification point, and the 
mesosternum has three ossification 
points.

The segments of the mesosternum 
are known as sternebrae. Accesso-
ry ossification centers are frequently 
found in the manubrium and the me-
sosternum. Multiple ossification cen-
ters form as a result of endochondral 
ossification, especially in the cartilage 
segments of the mesosternum that 
are located on both sides of the mid-
line. These points of ossification can 
be symmetrically positioned on both 
sides of the midline. Additionally, 
these points may be arranged in an ir-
regular manner due to the asymmetry 

of the costal joints. Two or more ossifi-
cation centers that develop in the car-
tilage structures merge over time in the 
craniocaudal direction as endochon-
dral ossification continues. The fusion 
of the sternebrae occurs in the caudo-
cranial direction. After fusion is com-
plete, the sternebrae form in the body. 
The fusion of the manubrium and the 
body cannot occur even at later ages 
because of the fibrocartilaginous tissue 
between them (1, 2, 6, 10–16).

The three different ossification pat-
tern types are described according to 
the ossification of the manubrium and 
the body during the postnatal period. 
The type 1 pattern is characterized by 
one ossification center in the manubri-
um and one ossification center in the 
three sternebrae of the mesosternum. 
The type 2 pattern is defined by one 
ossification center in the manubri-
um, one ossification center in the first 
sternebrae of the mesosternum, and 
two ossification centers in the other 
sternebrae. In the type 3 pattern, only 
one ossification center in the manubri-
um and two ossification centers in the 
sternebrae of the mesosternum occur. 
The type 2 pattern is the most com-
monly observed pattern in the litera-
ture (13, 17). In a study by Ashley (13), 
the incidence rates of the different 
ossification patterns were as follows: 
22% for type 1, 60% for type 2, and 
18% for type 3. In our study, the type 
2 ossification pattern was the most 
common pattern among the 139 cases, 
which occurred in 97 cases (67%). The 
type 1 ossification pattern occurred in 
39 cases (28%), and the type 3 ossifi-
cation pattern was detected in seven 
cases (5%). These findings were con-
sistent with the values reported in the 
literature.

Measurements of the manubrium, 
the body of the sternum, and the ma-
nubriosternal structures were obtained 
to assess the postnatal development 
and the maturation of the sternum, 
and the differences between the age 
groups were statistically significant. 
No differences were observed in the 
TM and SDM measurements between 
the genders, but statistically signifi-
cant differences were found in the SDB 
and TSDS measurements between the 
genders. These results are consistent 
with the differences in the number of 

Figure 5. a–h. Foramina and clefts identified in the sternal body in different cases: a foramen 
of the manubrium (FM) (a), a foramen of the distal sternal body (FDSB) (b), a foramen of the 
medial sternal body 1 and 2 (red arrow) (FMSB 1 and 2) (c, d), a foramen and cleft of the 
distal sternal body (FCDSB) (e), a cleft of the distal sternal body (CDSB) (f), and a cleft of the 
medial sternal body 1 and 2 (CMSB 1 and 2) (g, h). 
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sternebrae in males versus females. The 
thickness of the body was not assessed 
due to the many developmental vari-
ations from person to person. In the 
literature, the postnatal development 
of the sternum has not been evaluat-
ed using measurements obtained with 
MDCT, and our study will contribute 
to additional studies in this area of re-
search. 

One ossification center is usually 
found in the manubrium after birth; 
however, several studies have demon-
strated that more than one center 
may occur in rare cases (6, 12). In our 
study, 28 cases 0–10 years of age had 
two to four ossification centers in the 
manubrium even though several cases 
had partial fusion. Overall, 36 patients 
0–15 years of age had spherical ossifi-
cation centers in the manubrium. Mor-
phological structure changes occur due 
to the mechanical forces of the joint 
and the surrounding structures, which 
are associated with the developing ma-
nubrium. Spherical ossification centers 
acquire a trapezoidal shape over time. 
In our study, spherically shaped manu-
brium was not observed in any of the 
age groups older than the age group of 
10–15 years.

A sternal foramen is rarely observed 
in the manubrium (18). In one case, a 
foramen was observed in the manubri-
um due to inadequate fusion of ossifi-
cation centers. 

The accessory bone, known as the 
suprasternal bone or the episternal 
bone, is observed in the upper and pos-
terior part of the manubrium in 1.5% 
of cases in the population (2). The su-
prasternal bone was observed in five 
of our cases (three cases were bilateral 
and two cases were unilateral). Supra-
sternal tubercles result from the bony 
fusion of the suprasternal bone to the 
manubrium (8, 19). In this study, 10 
cases had tubercles that were fused to 
the upper part of the manubrium and 
were localized in the midline (nine cas-
es were bilateral and one case was uni-
lateral). Their appearances were sim-
ilar to vascular calcification, calcified 
lymph nodes, fracture fragments, and 
foreign bodies in a radiographic study; 
however, MDCT can clearly identify 
these conditions.

Manubriosternal fusion does not oc-
cur at later years of age due to the fibro-

cartilaginous tissue located between 
the manubrium and the body. In our 
study, full fusion occurred in six cases, 
and partial fusion occurred in six cases. 
The earliest fusion occurred in the age 
group of 6–10 years. No comparison 
was performed with the rates in the 
literature because our study evaluated 
cases according to the stage of develop-
ment and maturation. 

Three to four ossification foci, 
known as sternebrae, have been ob-
served in the mesosternum in the pe-
riod immediately after birth (6, 16). 
Of the cases in the age group of 0–15 
years (n=150), female patients had 
significantly less sternebrae compared 
with the males. Two sternebrae were 
observed in three females. Three stern-
ebrae were observed in 50 females, and 
four sternebrae were identified in 13 
females. Three sternebrae were found 
in 47 males, and four sternebrae were 
identified in 37 males. These results 
demonstrate the differences in the 
dimensions of the sternum between 
males and females. 

The development of the sternum 
body was analyzed in the age group 
of 0–15 years, and at least two ossifi-
cation centers, as described in previous 
studies, and potentially a total of four 
ossification centers were observed in 
the sternebrae, which were localized 
on each side of the midline. Previous 
studies determined that ossification 
centers generally fuse in the cranio-
caudal direction from 6–12 years of 
age. Our study included several rare 
cases with incomplete fusion up to 
the age of 15; however, fusion of the 
ossification centers in our cases was 
largely consistent with the literature. 
Past studies have reported that fusion 
in the sternebrae occurred in the cau-
docranial direction, and fusion was 
complete before 25 years of age. In our 
cases, fusion of the third and fourth 
sternebrae and the second and third 
sternebrae was fully complete from 
15–20 years of age. Fusion of the first 
and second sternebrae was complete 
from 20–25 years of age. In four cases, 
fusion did not occur.

The sternum has one of three mor-
phological shapes in adults (flat, longi-
tudinal oval, or O shape) as defined in 
the literature. The flat type is the most 
commonly observed shape (20). In our 

study, the findings were consistent 
with those reported in the literature. 
Sternal hypoplasia was observed due 
to the absence of the development of 
the third sternebrae in four cases. Ster-
nal developmental anomalies include 
foramina, pseudo-foramina, and clefts. 
Sternal foramina are usually localized 
in the distal sternum, and form as a 
result of the incomplete fusion of os-
sification centers (8). A foramen was 
observed in 15 cases. Thirteen of the 
foramina were localized in the distal 
sternum. One foramen was localized 
in the middle of the sternum, and one 
foramen was localized in the manubri-
um. Five cases had a cleft associated 
with the foramen. A pseudo-foramen 
was observed at the sternoxiphoidal 
junction in three cases. A cleft was ob-
served in 10 cases. Five of the cases oc-
curred in conjunction with a foramen, 
and most of the clefts were localized in 
the distal part of the sternum. In one 
case, a cleft was observed in the verti-
cal and horizontal planes. In two cas-
es, wide clefts were observed between 
the second and third sternebrae, which 
were accompanied by a foramen in the 
middle of the sternum.

The XP is the third part of the ster-
num and forms the most distal section 
of the sternum. The direction, calcifi-
cation, and termination of the XP and 
the developmental variations in the 
XP were evaluated. Ventral deviation 
occurred more frequently in previous 
studies (21). In our study, ventral de-
viation was observed in 135 cases, and 
no deviation was observed in 115 cas-
es. Dorsal deviation was not observed. 
Initial ossification of the XP was re-
ported to occur after six years of age 
in the literature; however, partial XP 
calcification was observed in 15 cases 
in the age group of 0–5 years in our 
study. Calcification was observed in 
a total of 116 cases. Eight of the cases 
had complete XP calcification. Partial 
calcification was observed in the re-
maining cases. Fusion of the sternal XP 
was found in 12 cases in the age group 
of 20–25 years. A pseudo-foramen was 
found in only one of our cases. The in-
cidence of foramina, pseudo-foramina, 
and fusion of the sternal XP was low-
er than those in previous studies that 
evaluated adults because our study in-
cluded a younger population. 
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Knowledge of the sternal foram-
ina, clefts and non-ossified chondral 
regions is important to prevent fatal 
complications, such as hemorrhage 
and cardiac tamponade. A risk of car-
diopulmonary resuscitation is a frac-
ture of the sternum, which may lead to 
severe heart injuries and patient death. 
Knowledge of the postnatal develop-
ment, maturation, and anatomy of 
the sternum is important for prevent-
ing misdiagnoses, such as traumatic 
fissures or fractures and lytic lesions. 
MDCT images clearly depict sternal 
variations and the pathological condi-
tions. Intraosseous transfusions from 
the medullary portion of the sternum 
are rarely used in the pediatric popula-
tion because of a high risk of compli-
cations. The medullary portion of the 
tibia is more often used. 

The postnatal development and 
maturation of the sternum result in 
a range of variations and anomalies, 
such as sternal foramina, manubrium 
shapes, fusion (manubriosternal, stern-
ebraes, body, and XP), ossification, and 
clefts. All these variations, especially 
differences in ossification, have crucial 
importance in the misdiagnosis of de-
velopmental sternal anomalies and tu-
mors. MDCT produces high-resolution 
images and enables the anatomical 
evaluation of the skeletal system and 
the morphogenesis of the sternum. 

In conclusion, the postnatal devel-
opment and the morphogenesis of the 
sternum can be adequately assessed us-
ing MDCT. Our study included a limit-
ed number of cases and different cases. 
We believe more accurate results can 
be achieved if the number of cases is 
increased and the same cases are stud-
ied to determine the maturation and 
the development of the sternum over 
the years. 
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