
Introduction
The sternum originates from a pair of vertical mes-
enchymal bands that develop ventrolaterally on the ante-
rior wall of the body. These mesenchymal bands are
called as sternal bands in which cartilage development
occurs in the craniocaudal direction. Then, the cartilage
gets ossified to form sternum. The manubrium and the
xiphoid process ossifies from a single center whereas the
body (mesosternum) from four centers. The ossification
centers begin to form in the sixth intrauterine month and
the ossification process continues during the first post-
natal life. The development of xiphoid process is gener-
ally completed between 5–18 years of age.[1] The ossifica-

tion centers of manubrium and body of sternum grow in
the cephalocaudal direction and develop till 12 years of
age. The ossification centers in the body of sternum
develop in caudocephalic direction and complete
between puberty and 25 years of age.[1] Manubriosternal
and sternoxiphoid ossification continues in adulthood.[2]

A variety of bones have been explored for gender pre-
diction.[3–5] The sternum is a strong bone that does’t
deform easily for a long time, therefore it can be used for
age and gender prediction.[6] Multidetector computerized
tomography (MDCT) imaging method is gold standart
to evaluate bone tissue hat easily provides a detailed
imaging of the sternum.[7] A through knowledge of the
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Abstract
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ossification, variations and morphological anatomy of
the sternum is not only important for age and sex deter-
mination in forensic medicine but also for planning tho-
racic surgeries and decreasing postoperative complica-
tions.[8] The aim of this study, therefore, was to evaluate
the sternal morphology according to age and gender
using MDCT on a large series to provide substantial data
for forensic scientists and thoracic surgeons.

Materials and Methods
This study was conducted with the permission taken
from the Selçuk University School of Medicine Non-
Interventional Clinical Research Ethics Committee
(Approval number: 2017/69).

Thin section MDCT thoracal images of 897 patients
were examined between January 2016 and May 2017.
These patients had undergone CT imaging because of
various reasons but none of them had any previous histo-
ry of thoracic trauma or surgery. Images of 78 cases were
excluded from the study due to interference in the region,
and images of 119 cases due to low resolution. Thus, 700
images were included in the study. CT images obtained in
an axial plane at a thickness of 1 mm. In addition to axial
images, sagittal and coronal reformat images were
obtained at the workstation.

The images were grouped according to the gender and
age. Accordingly, 7 different age groups were determined
as: 0–9 years, 10–19 years, 20–29 years, 30–39 years,
40–49 years, 50–60 years, and ≥60 years (Table 1).

The width and length of manubrium and body of ster-
num and the angle between the manubrium and the body
(angle of Louis) were measured on sagittal and coronal
images. Variations of the sternum were also examined in
all sections.

The measurements were done as follows; Manubrium
width (MW): the distance between the midpoint of the
right and left first costal notches on coronal images (Figure
1); Manubrium length (ML): the distance between the
jugular notch and the midpoint of the manubriosternal
joint on coronal images (Figure 1); Corpus length (CL):

the distance between the midpoint of the manubriosternal
joint and the midpoint of the symphysis xiphosternal joint
on coronal images (Figure 1); Corpus width (CW1): the
horizontal distance measured between 2nd and 3rd costal
notches on the coronal images (Figure 1); Corpus width
(CW2): the horizontal distance measured between 4th and
5th costal notches on the coronal images (Figure 1); Angle
of Louis (LA): the angle between the manubrium and the
body measured on sagittal images (Figure 2).

Xiphoid process was examined under three types
according to its shape; Type 1: having two extensions;
Type 2: in the form of a single extension; Type 3: having
three extensions (Figure 3).

The sternum was examined under two types according
to the direction of the xiphoid process; Type 1: xiphoid
process having the same direction with the body of ster-
num; Type 2: xiphoid process having a slope towards the
ventral direction (Figure 4).[7,9]
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Figure 1. Measurements of the sternum done with multidetector com-
puterized tomography. CL: corpus length; CW1: corpus width between
2nd and 3rd costal cartilages; CW2: corpus width between 3rd and 4th
costal cartilages; ML: manubrium length; MW: manubrium width.

Table 1
Distribution of cases by age and gender.

Age 0–9 10–19 20–29 30–39 40–49 50–59 ≥≥60 Total

Female 9 22 32 45 56 46 127 337

Male 16 25 41 53 41 45 142 363



The presence and number of foramen on the xiphoid
process and corpus were also determined (Figure 5).

The ossification of the sternum was also examined and
it is further classified under three types according to the
amount of ossification; Type 1: no ossification; Type 2:
partial ossification; and Type 3: complete of ossification
(Type 3) (Figure 6).

The data obtained in the study were analyzed using
SPSS (Statistical Package for Social Sciences) for
Windows (version 22, Chicago, IL, USA). The data were
expressed as number, percentage, mean±standard devia-
tion (SD). The relationship between grouped variables
was analyzed by chi-square analysis. The t-test and one-
way ANOVA were used to compare the significance
between different groups. Scheffe test was used as a com-
plementary post-hoc analysis to determine the differ-
ences after the ANOVA test. Pearson correlation analy-
sis was used for determining significant correlations. For
all analyses, p<0.05 was considered as statistically signif-
icant.

Results
The mean width of the manubrium (MW) was 5.13±0.93
cm. The MW was significantly higher in males (5.32 cm)
compared to females (4.92 cm) (p<0.05). MW showed sig-
nificant differences among age groups and genders
(p≤0.05). The MW was significantly higher in ≥60 and
lower in the 0–9 age group for both genders. The MW
was significantly lower in the 0–9 and 10–19 age groups
compared to other age groups (Table 2).

The mean length of the manubrium (ML) was
4.54±0.73 cm. The ML was significantly higher in males

(4.66 cm) than females (4.42 cm) (p<0.05). The ML
showed significant differences among age group and gen-
der (p<0.05). The ML was significantly higher in ≥60 and
lower in the 0–9 age group for both genders. The ML was
significantly higher in 10–19 age group than the 0–9 age
group. The ML values of other age groups were signifi-
cantly higher than 0–9 and 10–19 age groups (Table 3).

The mean length of body of sternum (CL) was found
to be 8.91±0.69 cm in males and 8.23 cm in females. The
CL was significantly higher in males than females
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Figure 3. Types of the xiphoid process according to its shape. (a) Xiphoid process with 2 extensions (Type 1); (b) xiphoid process in the form of
a single extension (Type 2); (c) xiphoid process with 3 extensions (Type 3).

Figure 2. Measurement of angle of Louis with MDCT.

a b c



(p<0.05). The CL was also significantly higher in ≥60 and
lower in the 0–9 age group for both genders (Table 4).

The width of the corpus was measured by using two
reference lines (CW1 and CW2). The mean CW1 was

2.72±0.58 cm, where as CW2 3.23±0,76 cm. The mean
CW1 was significantly higher in males (2.83 cm) than
females (2.59 cm) (p<0.05) likewise the CW2 that is 3.47
cm in males and 3.1 in females (p<0.05). The CW1 and
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Figure 4. Types of xiphoid process according to its direction. (a) Xiphoid process in line with the body of sternum corpus; (b) xiphoid process hav-
ing a slope towards the ventral direction.

a b

Figure 5. Foramina detected with MDCT (a) foramen on body of sternum; (b) foramen on the xiphoid process.

a b



CW2 was significantly higher in ≥60 and lower in the
0–9 age group for both genders. Those in the 10–19 age
group had significantly higher CW2 values than the 0–9
age group. CW2 of other age groups was significantly
higher than 0–9 and 10–19 age groups (p<0.05) (Tables
5 and 6).

The angle of Louis (LA) was 158.820. LA showed no
statistically significant difference among genders (p>0.05).
LA was significantly higher in ≥60 and lower in the 0–9
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Figure 6. Degree of ossification between the parts of the sternum as detected with MDCT. (a) No ossification (Type1); (b) partial ossification
(Type2); (c) complete ossification (Type 3).

a b c

Table 2
MW measurements according to age groups.

Differences according
Group Mean±SD p to p-value

MW 0–9 2.68±0.8 cm 0.000 2>1

10–19 4.78±0.75 cm 3>1

20–29 5.06±0.74 cm 4>1

30–39 5.24±0.78 cm 5>1

40–49 5.19±0.69 cm 6>1

50–59 5.18±0.82 cm 7>1

5>2
≥60 5.35±0.84 cm 7>2

7>3

Table 4
CL measurements according to age groups.

Table 5
CW1 measurements according to age groups.

Table 3
ML measurements according to age groups.

Differences according
Group Mean±SD p to p-value

ML 0–9 2.49±0.55 cm 0.000 2>1

10–19 4.22±0.59 cm 3>1

20–29 4.6±0.5 cm 4>1

30–39 4.6±0.6 cm 5>1

40–49 4.69±0.65 cm 6>1

50–59 4.56±0.52 cm 7>1

3>2
4>2

≥60 4.70±0.65 cm 5>2
7>2
5>6

Differences according
Group Mean±SD p to p-value

CL 0–9 4.48±1.29 cm 0.000 2>1

10–19 8.32±1.3 cm 3>1

20–29 9.12±1.6 cm 4>1

30–39 9.36±1.28 cm 5>1

40–49 8.8±1.43 cm 6>1

50–59 9.13±1.5 cm 7>1

4>2
≥60 9.16±1.47 cm

7>2

Differences according
Group Mean±SD p to p-value

CW1 0–9 1.48±0.42 cm 0.000 2>1

10–19 2.5±0.46 cm 3>1

20–29 2.6±0.5 cm 4>1

30–39 2.75±0.5 cm 5>1

40–49 2.73±0.57 cm 6>1

50–59 2.75±0.49 cm 7>1

5>2
7>2

≥60 2.87±0.54 cm
7>3
7>4



age group for both genders (p<0.05). LA of other age
groups was significantly higher than 0–9 and 10–19 age
groups (p<0.05) (Table 7).

Examination of the xiphoid process according to its
shape revelaed 335 (48%) cases as Type 1, 316 (43%) as
Type 2 and 49 (7%) as the Type 3. The direction of the
xiphoid process was in line with the body in 536 (77%)
cases and having a slope towards the ventral direction in
164 (24%) cases. At least 1 foramen was observed in
xiphoid process in 81 (12%) cases, and in the body of
sternum in 36 (5%) cases. Considering the xiphoid
process variations, the number of xiphoid processes with

a single foramen was 61 (75%), the number of xiphoid
processes with two foramina was 15 (18%), and the num-
ber of xiphoid processes with more than two foramina
was 6 (7%). The number of corpus containing a single
foramen was 34, and the number of corpus containing
two foramina was 2.

The ossification rates among different groups showed
that the highest ossification was present in 30–39 age group,
partial ossification was highest in 20–29 age group, and no
ossification in 0–9 age group as expected (Figures 7–9).
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Figure 7. Degree of ossification in the 0–9 age group. CX: ossification between body of the sternum and the xiphoid process; MC: ossification between
manubrium and body of the sternum.

Table 6
CW2 measurements according to age groups.

Differences according
Group Mean±SD p to p-value

CW2 0–9 1.59±0.52 cm 0.000 2>1

10–19 3.03±0.67 cm 3>1

20–29 3.34±0.59 cm 4>1

30–39 3.34±0.69 cm 5>1

40–49 3.39±0.87 cm 6>1

50–59 3.35±0.65 cm 7>1

5>2

≥60 41±0.65 cm 7>2

5>4

Table 7
LA measurements according to age groups.

Differences 
p p according

Group Mean±SD (Females) (Males) to p-value

LA 0–9 162.49±8.0 cm 0.131 0.000 2>1

10–19 160.77±5.851 cm 3>1

20–29 158.7±6.983 cm 4>1

30–39 158.49±6.736 cm 5>1

40–49 157.78±7.425 cm 6>1

50–59 157.43±7.464 cm 7>1

3>2

5>2

≥60 156.49±8.0 cm 6>2

7>2

5>4



Discussion
Three-dimensional radiological studies are gold standart
to understand the anatomy and relations of the bony tissue
such as sternum. The MDCT images cover larger
anatomical regions and it makes bone measurements very
close to real values.[2,10] There are limited mumber of stud-
ies examining the morphology and the variations of ster-

num with MDCT.[11] So this study relied on measurements
taken with MDCT.

Determination of gender from skeleton is of utmost
importance in forensic medicine and anthropology.[12] It is
challenging to estimate sex and age from bones that have
been disintegrated for various reasons. Data collected from
a single bone is therefore important for gender predic-
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Figure 8. Degree of ossification in the 10–19 age group. CX: ossification between body of the sternum and the xiphoid process; MC: ossification
between manubrium and body of the sternum.

Figure 9. Degree of ossification in the 20–29 age group. CX: ossification between body of the sternum and the xiphoid process; MC: ossification
between manubrium and body of the sternum.



Table 8
Typing the xiphoid process according to its shape and direction in previously published studies.

tion.[13,14] Owing to its big size, sternum is not destroyed
very quickly and can be scanned easily, thus it can be used
in gender and age determinations.[14,15]

The studies on sternum measurements generally
reports gender difference.[11,16,17] But there are differences of
opinion about whether to determine gender or not.[15,18–20]

Recent studies have shown that the sternum is longer,
wider and thicker in the males.[16,17,21] The results of our
study showed that the width and the length of the
manubrium was significantly higher in males than that of
females, so that gender determination can be made by
using sternum.

The width (MW) and the length (ML) of manubrium
was reported to be significantly higher in males than
females[14,18,19,21–26] as our results. MW and ML was not
examined according to age groups previously. Our results
showed the MW and ML as increasing rapidly and signif-
icantly until the age of 10–19 and then increasing gradual-
ly at later ages without making a significant difference.
Thus, together with other measurements, MW and ML
can be used for age estimation as well.

The size of the body of sternum was also found larger
in males than that of females[11,20,21,25,26] as in our study. It is
known that gender can be determined by using the length
and the width of manubrium and body of sternum as land-
marks.[21,25,27,28] However, no data is available regarding the
size of the body of sternum in different age groups. As
MW and ML, the results of our study showed that the size
of the sternum (CL, CW1, CW2) increased rapidly until
the age of 10–19. Thus, we suggest that age determination
can be made in addition to gender by using the CL, CW1,
CW2 as references.

The angle of Louis (LA) has previously not recom-
mended for gender discrimination.[29,30] According to the
results of this study, LA showed no statistically significant
difference among genders as well.

Previous studies done on typing the xiphoid process
according to its shape showed that the incidence changes
in a wide range as; Type 1 varying between 27.2% and

42.9%, Type 2 between 45.1% and 71%, and Type 3
between 0.7% and 4.6% (Table 8).[7,9,29] The most frequent
type was as detected as Type 1 (47.9%), followed by Type
2 (45.1%) and least common Type 3 (7%).

Sternal fractures account for about 5–10% of all tho-
racic injuries. It is an injury that occurs directly with the
steering wheel or seat belt. It can also occur during car-
diopulmonary resuscitation. Differences in xiphoid direc-
tion can also be misidentified as a fracture. So, it is impor-
tant to know the variations in the shape and direction of
the xiphoid process.[17,27] In a study on determining the
direction of the xiphoid process, it had a ventrally directed
slope in 65.4% (Type 1) and in line with the body in
33.2% (Type 2) (Table 8).[9] 77% of our cases was Type 1,
and 24% was Type 2.

The frequency of foramina on the sternum have been
investigated in various studies. The presence of any fora-
men on the xiphoid process was reported in a great range
between 9.5% to 36.1% (Table 9).[7,9,29,31] A foramen on the
xiphoid process was observed in 11.7% of our cases, 75%
of which were in the form of a single foramen. In 18% of
our cases there were two foramina and 7% more than two
foramina. The body of sternum was reported to have fewer
foramina, the incidence being 4.3% to 16.6% (Table
9).[7,9,29,31–34] Our series showed a single foramen in the body
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Xiphoid process shape Xiphoid process direction

Type 1 Type 2 Type 3 Type1 Type2

Kirum et al.[29] (2017) Dry bone 42.9% 57.1%

Yekeler et al.[7] (2006) MDCT 27.2% 71% 0.7%

Ak›n et al.[9] (2011) MDCT 32.8% 62.6% 4.6% 65.4% 33.2%

Present study MDCT 47.9% 45.1% 7% 77% 24%

Table 9
Foramen ratios on xiphoid process in previously published studies.

Presence of Presence of 
foramen on the foramen on the 
xiphoid process sternum body

Yekeler et al.[7] (2006) MDCT 27.4% 4.5%

Kirum et al.[29] (2017) Dry bone 9.5% 12.9%

Babinski et al.[31] (2015) MDCT 17.5% 16.6%

Akin et al.[9] (2011) MDCT 36.1%

Singh et al.[32] (2013) Cadaver 11.9%

Stark at al.[1] (1986) CT 4.3%

Moore et al.[34] (2015) CT 6.6%

Present study MDCT 11.7% %5.1



of sternum in 5.1% of the cases. The presence of forami-
na on the sternum was associated with some fatal compli-
cations in early infancy.[35–37] During sternal puncture or
sternal bone marrow aspiration, a sternal foramen may
pose a great danger due to unwanted cardiac or major vas-
cular damage.[7,36,38] Therefore, knowing the presence and
the frequency of foramina is clinically important.

The ossification of the sternum had been reported to
complete in various ages. Pekcan[39] stated that ossification
between the manubrium and corpus was completed at the
age of 31 in men and 26 in women, Garg et al.[40] found
that full ossification between the manubrium and the cor-
pus was still not completed in 60% of cases in the 60–65
age group. In the study of Kaneriye et al.,[41] no ossification
was observed under the age of 40. In another study, the
ossification between the manubrium and the corpus start-
ed at the age of 40 was completed at the age of 55, and the
ossification between the xiphoid process and corpus was
completed at 50.[22] It is known that manubrium and cor-
pus can remain united and amount of union increases with
advancing age.[42] Since the manubriosternal joint has a
fibrocartilage, even if the ossification gets completed, the
cartilage structure is preserved inside the joint. In our
study, there were no significant gender differences for
ossification between the manubrium and corpus, which
started at the ages of 0–9 and completed between the ages
of 30–39. The ossification between the xiphoid process
and the corpus started at the ages of 0–9, completed at the
ages of 50–59 and there was no significant gender differ-
ence.

There are some limitations in our study. This is a ret-
rospective study and since all images were obtained in the
supine position, personal characteristics such as height,
weight, presence of anatomical deformities or postural dis-
orders could not be identified. For this reason, we think
that it would be beneficial to support it with prospective
studies taking into consideration of other parameters such
as height, weight, thoracic diameter, BMI of the cases in
different positions (standing vs sitting).

Conclusion
Data collected from a single bone is important for age
and sex prediction especially in forensic medicine. These
data taken from a large series containing 700 images may
also contribute to evaluation of variations in sternal mor-
phology by age and gender. We suggest that the results
obtained from our study may contribute basic anatomy
knowledge and be used by thoracic surgeons and radiol-
ogists. 
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