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Abstract
Sternal foramen is a congenital round bony defect present in the body of sternum which results from incomplete union of the
sternal ossification centres. Usually the defect is asymptomatic and only be detected by CT scan. But at times, it may be
misinterpreted as gun shot or stab wound. In clinical practice, sudden unexpected death may take place during sternal puncture
and biopsy as a result of cardiac puncture and tamponade. The present study was carried out by choosing 96 dry sternal bones
which were used as a teaching material in the Department of Forensic medicine and Anatomy, CCM Medical College, Durg,
Chhattisgarh and MIMER Medical College, Talegaon, Pune, Maharashtra. These sternal bones were examined for the presence of
sternal foramen and it was found in 4.1% of cases. It is important for medical practitioners, radiologists and acupunturists to have
a concrete knowledge of sternal anomalies before doing any procedures to avoid complications.
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may lead to cardiac tamponade18. Incidence of sternal
foramen and its significance in medico-legal cases is
poorly reported in the literature. Hence we emphasis to
carry out this study to spread awareness of the anomaly
and minimize the complications arising out of sternal
defect.
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Introduction
The sternum is among the skeleton parts with
variation in appearances on images or during autopsy
studies. In human, sternal variations and anomalies are
incidentally detected by radiological procedures. The
sternal foramen is usually asymptomatic and not visible
on plane radiograph. It is visible only on CT scan3.
Multiplanar and 3D reconstructed multidetector CT
(MDCT) images are the investigation of choices for
diagnosis of sternal foramen17. Knowledge of sternal
variations and anomalies is beneficial so as to
differenciate those with pathological conditions and
acquired lesions1,14. Sternal foramen is a round or oval
congenital bony defect which results from incomplete
union of the ossification centres. It is a rare congenital
anomaly and presence of it may mislead in evaluation
of skeletal remains2,14. The knowledge of the anomaly
is important in acupuncture procedure because of the
damage to the heart and great vessels 3,14. It is also one
of the risk factor during bone marrow biopsy which
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Materials and Methods
Study was carried out choosing randomly collected
96 dry sternal bones which were used as a teaching
material in the Department of Forensic medicine and
Anatomy, CCM Medical College, Durg, Chhattisgarh
and MIMER Medical College, Talegaon, Pune,
Maharashtra. These sternal bones were examined and
reviewed for the existence of sternal foramen. Sex
determination of the bones was not done.
Result
The sternal foramina were found in the lower one
third part of sternunal body, as a single midline oval or
round defect. (Fig. 2, 3, 4 & 5). The size of sternal
foramina ranged between 3 mm and 10 mm (Table 1).
The measurement of size of the foramina is done using
digital caliper. Total number of sternal bones having
sternal foramen was found to be 4 out of the 96 bones
examined. So the total percentage of sternal foramina in
our study is found to be 4.1%.

Table 1: Measurement of sternal foramina
Sternal
Sternal
Sternal
Sternal
foramen1
foramen 2
foramen 3
foramen 4

Average

9 mm

5 mm

4 mm

10 mm

7 mm

7 mm

4 mm

3 mm

8 mm

5.5 mm
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Table 2: Incidence of sternal foramina in different
studies
Different studies
Incidence of
sternal foramina
El-Busaid H et al.
13.8%
Peuker ET et al.
5-8%
Shivakumar GL et al.
7%
Cooper et al.
6.7%
Moore et al.
6.6%
Yekeler E et al.
4.5%
Aktan & Savas
5.1%
Stark et al.
4.3%

Fig. 3

Fig. 1

Fig. 4

Fig. 2

Fig. 5
Sternal Foramina
Discussion
Sternum is a flat bone present in the anterior wall
of the chest in the midline. It is about 17cm long in
adult males, a little less in females. Sternum has three
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parts i.e. manubrium (upper quadrangular part), body of
sternum or gladiolus, (middle longest part) and xiphoid
process or xiphisternum (terminal part)18. The sternum
is a mesodermal in origin. The bone is formed by
bilateral condensations of mesenchymatous tissue,
called as ‘sternal bars’ which are initially present on
both sides of chest wall. These bars migrate and
converge towards middle during 8th week of gestation
to form ‘sternal plate’. Fusion gets completed by 10th
week in cranio-caudal direction18. After maturation into
cartilage, it undergoes a series of transverse divisions
into six cartilaginous segments known as ‘sternebrae’
or ‘segments’ (i.e. segment 1 to segment 6). The
sternum ossify gradually from cartilaginous precursors
and ossification occur by 6 ossification centres i.e. 1
for manubrium, 4 for body and 1 for xiphisternum.
Manubrium is ossified from its center in the 5th fetal
month. 1st & 2nd sternebrae ossify from single center at
about same time (i.e. 5th month). 4th & 5th centers (3rd &
4th sternebrae) are usually paired and appeared in 5th
and 6thmonths respectively. Xiphoid process begins to
ossify in 3rd year or later. Union between mesosternal
centres begins at adolescent and proceeds from below
upward, by the age 25 years they all are fused17. Any
failure in the development process results in various
sternal anomalies such as fissures or foramen1,14. Apart
from these sternal defects to be reported as complete
midline sternal cleft, hybrid defect like key hole shaped
deformity and & multiple sternal foramina18. Sternal
foramen in the body is more common than that in
manubrium and xiphisternum and more often located in
lower third part of corpus sterni that results from
incomplete fusion of sternal ossification centres1,6,7,18.
Size of sternal foramen varies from 2 mm to 16 mm
(mean is 6.5 mm)5
The incidence of sternal foramen was evalulated as
4.3% on chest CT by Stark8, 6.7% in autopsy cases by
Cooper et al6., 6.6% by Moore et al7., Atkan & Savas9
observed it in 5.1% in Turkish population and Yekeler
E et al5. found it in 4.5% cases.
In our present study, we observed defect in 4.1%
which is near to the results found in a study by Stark et
al8. (4.3%) Indian study by Shivakumar GL et al1.
reported 7% and Peuker ET et al10 mentioned existence
of sternal foramen in about 5% to 8% of population
from his literature supported by post mortem
anatomical observation which is twice the result of our
study.
In a recent study done by El-Busaid H et al11.
13.8% of foramina were observed in Kenyan
population, which shows higher frequency than in other
population. Only Babinski et al15. reported highest
prevalence of defect in 16.6%.

Fig. 6: Correct method of sternal puncture
Clinical & Medicolegal Significance
Sternum is one of the bones chosen for bone
marrow aspiration (the other site being the posterior
part of the iliac bone).Clinical importance of the defect
lies in the fact that cardiac tamponade and injury to
great vessels may occur during improper needling for
bone marrow aspiration18. Another importance of the
sternum is that acupunture point CV-17 (sea of energy)
is located at the level of nipples in the midline. So
vertical insertion of acupuncture needle can lead to
pericardial effusion followed by cardiac tamponade17,18.
Thus these procedures may raise medico-legal issues in
future.
Regarding forensic aspect, during autopsy the
sternal foramen may be misinterpreted as a gunshot
injury. But the meticulous examination may distinguish
between the two. The sternal foramen is having smooth,
regular margins & covered with cortical bone. In bullet
injury, there would be beveling & fracture line and
absence of cortical bone at edges. Sometimes, bones
exposed to insects or animals may have teeth or claw
marks or erosions close to foramen which should not be
mistaken for antemortem injuries.
The misinterpretation of such defects in medicolegal cases may lead to ambiguous conclusions in
determining nature and cause of suspicious deaths.
Conclusion
Sternal foramen is a minor anomaly yet leads to
major clinical & medico-legal issues. It has got
following significance.
1. May be helpful in personal identification of
individual.
2. Radiographs may be confused with bullet wound or
may misdiagnose for osteolytic change1.
3. It may be confused with the superimposition of
necklace or a congenital anomaly13.
4. There is a potential risk of life threatening
complications like pneumothorax, pericardial
punture or cardiac tamponade if needle is not
inserted properly through the defect during sternal
biopsy and in acupunture techniques16.
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So whenever the sternal punture is planned, following
precautions must be taken.
1. Prior radiographs must be obtained to rule out the
defect to prevent fatal complications. Multiplanar
& MDCT are the imaging of choices for detecting
sternal anomalies17.
2. An oblique insertion of needle is recommended.
However, in lean person having skin-heart distance
of 1-2 cm, even a correct needling may lead to
pericardial puncture18.
3. The depth from skin to pericardium varies
considerably from 3-9.1 cm. If the needle is
inserted not deeper than 2.5 cm, pericardial
puncture would not have occurred16.
So, the sound knowledge of sternal variations &
anomalies is very important for medical practitioners
not only for medico-legal purpose but for better clinical
outcome.
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