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Abstract

Background/Aim. The most frequent form of sternal de-
fects is a single foramen, usually located at the distal half of
the sternal body, with prevalence that varies among differ-
ent ethnic populations. Clinical importance of these defects
arises from various diagnostic and therapeutic sternal treat-
ments and close location of heart, lungs and other vital ot-
gans of the chest cavity. The aim of this study was to de-
termine the prevalence and morphometric characteristics of
the sternal midline foramen in the population of central
Serbia. Methods. The multidetector computed tomography
(MDCT) chest images of 422 patients of both genders were
analyzed. The radiological imaging was performed on 64-
slice MDCT scanner (Aquilion 64, Toshiba, Japan). All
scans were performed in the axial plane, with subsequent
multiplanar reconstruction (MPR). Due to the angulation of
the sternal body coronal curved-planar, the images were ob-
tained in order to show the whole length of the sternum
and the vertical diameter of the sternal foramen. The meas-
urements were done using the commercially available soft-

Apstrakt

Uvod/Cilj. Jedna od najucestalijih anatomskih anomalija ster-
numa je otvor, najcesce jedan, obi¢no lociran u donjem delu
tela grudne kosti. Ucestalost ove malformacije sternuma varira
u zavisnosti od ispitivane etnicke populacije. Klinicki znacaj ot-

ware (Imaging Software ver. 4.1.14.0, Vital-Images). Re-
sults. The solitary foramen, located in the distal segment of
the sternal body, was detected in 24 patients, representing
5.9% of the observed population with slightly higher preva-
lence in males. The average size of foramen was 3.9 X 4.2
mm. The mean distance from the skin was 12.7 £ 3.3 mm,
the distance from skin to pericardium was on average 37.3
* 8.2 mm, while the average distance from skin to pleura
was 25 £ 5.9 mm. The average depth of foramen 8.7 = 2
mm, while the mean distance from the posterior surface of
foramen to pericardium was 12.7 £ 9.1 mm. Conclusion.
The results presented in this paper confirmed the preva-
lence of 5.9% regarding the midline sternal foramen in the
observed population. Serious complications of the sternal
puncture could be prevented by prior MDCT imaging.

Key words:

sternum; musculoskeletal abnormalities; multidetector
computed tomography; prevalence; sternotomy; risk
assessment; serbia.

vora tela sternuma proizilazi iz ¢injenice da se obicno nalazi u
neposrednoj blizini srca, pluca i drugih vitalnih organa grudne
duplje, kao i moguénosti nastanka po Zivot opasnih
komplikacija, usled povrede ovih organa, prilikom dijagnos-
tickih i terapeutskih procedura na stenumu. Cilj ovog is-
trazivanja bio je da se utvrdi ucestalost i morfometrijske karak-
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teristike otvora tela grudne kosti u populaciji centralne Srbije.
Metode. U studiji su analizirani snimci multi-detektorske
kompjutetizovane tomografije (MDCT) grudnog kosa kod 422
pacijenata oba pola. Pregledi su obavljeni na 64-slajsnom
MDCT aparatu (Aquilion 64, Toshiba, Japan). Sva skeniranja
su izvrsena u aksijalnoj ravni, uz naknadne multiplanarne re-
konstrukcije (MPR). S obzirom na angulaciju sternuma u pre-
delu tela koris¢ene su kose koronalne ravni da bi se prikazala
cela duzina sternuma, kao i visina stetnalnog foramena. Met-
enje je izvtseno upottebom komercijalno dostupnog softvera
(Imaging Software ver. 4.1.14.0, Vital-Images). Rezultati. Ot-
vor tela grudnog kosa, lociran u distalnom segmentu tela ster-
numa uocen je kod 24 pacijenta, odnosno sa ucestalos¢u od
5,9% u ispitivanoj populaciji, a sa nesto vecom ucestaloséu kod
muskaraca. Prose¢ne dimenzije otvora bile su 3,9 X 4.2 mm.

Srednja vrednost udaljenosti koze do otvora iznosila je 12,7 £
3,3 mm, udaljenosti koze do perikarda 37,3 £ 8,2 mm, dok je
prose¢no rastojanje od koze do pleure iznosilo 25 £ 5,9 mm.
Prosecna dubina otvora iznosila je 8,7 = 2 mm, dok je srednja
vrednost rastojanja od zadnje ivice otvora do perikarda iznosila
12,7 £ 9,1 mm. Zaklju¢ak. Studijom je utvrdena ucestalost ot-
vora tela grudne kosti od 5,9% u ispitivanoj populaciji. MDCT
pregledi grudnog kosa, koji prethode intervencijama na grudnoj
kosti, mogu biti od znacaja za prevenciju komplikacija punkcije
sternuma.

Kljucne reci:

sternum; misi¢no-skeletne anomalije; tomografija,
kompjuterizovana, multidetektorska; prevalenca; rizik,
procena; srbija.

Introduction

The human sternum is the flat bone of the anterior tho-
racic wall, adjacent to pleura, pericardium and the great ves-
sels of thoracic cavity. Embriologically, sternum is com-
posed of two mesenchymal bars that are merged in the me-
dian line to form a pre-cartilage sternal lamina, divided into
three parts: manubrium, corpus sterni and xiphoid processus.
Any deviation from this process may form various sternal
defects, including clefts, fissures and sternal foramina 2.

Prevalence of these sternal defects may differ in various
countries and is generally believed to vary between 2% and
8% in the general population °, although it is reported to be
as high as 13.8% *. The most frequent form is a single sternal
foramen, usually located at the distal half of the sternal body,
at the level of the fourth or fifth intercostal space *°.

The clinical importance of these defects arises from the
sternal punctures, acupuncture treatment and close location
of heart, lungs and other vital organs of the chest cavity °.
The most serious complications are heart tamponade ’ and
puncture of the ascending aorta °.

The current study is undertaken in order to ascertain the
frequency, morphometric characteristics of the sternal body
foramen and its distance from the adjacent organs of thoracic
cavity, analyzing the multi-detector computed tomography
(MDCT) images in the population of central Serbia.

Methods

The study was designed as a retrospective descriptive
non-randomized observational study, that used data from
MDCT patients’ chest images archived in the hospital infor-
mation system for data archiving (PACS). The patients were
examined at the Department of Diagnostic Radiology, Clini-
cal Center of Kragujevac, Serbia in the period from January
2016 to September 2016. The radiological imaging was per-
formed on the 64-slice MDCT scanner (Aquilion 64, To-
shiba, Japan). All scans were performed in the axial plane,
with subsequent multiplanar reconstruction (MPR). Due to
the angulation of the sternal body coronal curved-planar, the
images were obtained in order to show the whole length of
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the sternum and the vertical diameter of the sternal foramen.
The scope of the thoracal scan examination was from tho-
racal inlet to the level of the adrenal glands, including the
sternum in the field of scanning. The study included 422 pa-
tients (222 male and 200 female) aged from 21 to 80 years,
without sternal deformities and pathological changes, which
are referred to this examination for various reasons. The pa-
tients with sternal deformities, trauma or prior the sternal
surgery, tumor changes of the sternum and younger than 20
years of age were excluded from the study. The patients who
underwent chest imaging in the indicated period more than
one time, were included in the study only once.

The MDCT examination was conducted in the native
and post-contrast series, after intravenous injection of a con-
trast medium. The scanning parameters were: 120 kVp, mAs
90-120, gantry rotation of 0.75 sec, pitch 0.5 mm, slice
thickness of 0.5 mm and 0.6-0.8 mm thickness reconstruc-
tion. The analysis of all images and MDCT data are per-
formed on the Vitrea 2 workstation ver. 4.1.14.0 (Vital Im-
ages). All measurements were done by two independent ra-
diologists, the experts in this field, using the commercially
available software (Imaging Software ver. 4.1.14.0, Vital-
Images). The measured values are given in millimeters. For
the evaluation of inter-observer reliability, the intra-class
correlation coefficient (ICC) was used and ICC > 0.8 was
considered as an excellent agreement.

The obtained results were statistically analyzed ac-
cording to gender. The analysis was done by using the statis-
tical program (IBM SPSS Statistics 20) and included de-
scriptive and analytical methods. Normality of data distribu-
tion was tested by the Kolmogorov-Smirnov test. The Stu-
dent’s t-test was used for a comparison of normally distrib-
uted data and the Mann-Whitney test was applied to the
analysis of the variables which were not normally distrib-
uted. The level of a statistical significance was set at 0.05.

Results

The solitary foramen, located in the distal segment of
the sternal body, was detected in 24 patients, representing
5.9% of the observed population (Figure 1). The presence of
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the sternal foramen showed tendency of increasing with age.
The average age in the group with detected foramen was
63.5 £ 7.5 years (63 £ 8.8 in the males and 64.3 = 5.5 in the
females). This developmental variant of sternum was usually
oval-shaped and its transverse diameter varied in range from
1.7 to 10.6 mm. The mean width was 3.9 = 1.9 mm, while
the mean vertical diameter of the observed sternal foramen
was 4.2 £ 1.7 mm and ranged from 2.5 to 8.4 mm. The ster-
nal foramen was found in 14 males, representing 6.3% of male
or 3.3% of all study participants. In females, this sternal variant
was found in 10 of them, which was 5% of our female partici-
pants or 2.4% of whole study group. The males represented
58.3% and females 41.7% of the participants with the midline
sternal foramen. The diameters of the detected sternal foramen
in the males and females are given in Table 1.

The mean distance from the skin was 12.7 £ 3.3 mm
(12.9 £ 3.4 in the males and 12.5 £+ 3.4 in the females). The
distance from skin to pericardium was on average 37.3 + 8.2
mm in the whole observed population, with mean of 38.9 +
8.9 mm in the males (ranged from 25.1 to 58.3 mm) and 35.1
+ 7 mm (ranged from 22.6 - 44.8 mm) in the females. In 6
males and 5 females, it was found that pleura was adjacent to
the sternal foramen and the mean value of the distance from
skin to pleura in the males was 25.7 £ 6 mm and 24.2 + 6.4

mm in the females. The average value for both genders was
25 +£5.9 mm.

The average depth of the foramen was 8.7 = 2 mm, with
the mean value of 8.5 + 2.1 mm in the males and 8.9 + 1.9
mm in the females. The mean distance from the posterior
surface of foramen to pericardium was 12.7 + 9.1 mm with a
statistically significant gender difference as well as the dis-
tance from the skin to pericardium (Table 1).

Discussion

Importance of better knowledge of the anatomical
variations has been pointed out among the anatomist and cli-
nicians during the last decades. These structural fluctuations
are often combined and ethnically different ® > '°. A good
knowledge of human morphology is necessary for the proper
interpretations of radiological images and diagnosis as well
as planning of medical interventions. It is also important for
the proper conclusions in pathology and forensic medicine .

The fluctuations of morphology of the anterior thoracic
wall are not rare and are always interesting as potential clini-
cal problems. They include the variations of sternum and the
ribs as well as the joints of the thoracic wall caused by the
aberrant development * ',

4L e

Fig. 1 — The foramen

f the sternal body (marked by arrow): a) 3D reconstruction; b) multiplanar (MPR) sagittal

reconstruction; ¢) MPR axial reconstruction.

Table 1
The morphometric characteristics of a single sternal body foramen (the measures are given in mm)
Foramen of the sternal body Male Female Both gender
Transverse diameter, mean + SD 40+23 3.7+1.2 3.9+1.9
p>0.05
Vertical diameter, mean = SD 41+19 43+14 42+17
p>0.05
87+2.0
Foramen depth, mean + SD 85+2.1 89+1.9 p>0.05
Skin — foramen distance, mean + SD 129+34 125+34 12.7£3.3
p>0.05
. . 25.0+5.9
Skin — pleura distance, mean = SD 25.7+£6.0 242+64 D> 0.05
Skin — pericardium distance, mean = SD 38.9+8.9 35170 “:’)7;35085'3
Foramen (posterior surface) — Pericardium distance, 12.7+9.1
mean + SD 13.1+8.9 103+7.3 D< 005

*statistically significant gender difference; SD — standard deviation.
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Table 2
The comparison of the prevalence of midline sternal foramen to the findings of the previous studies
and in the different populations
Prevalence
of the midline sternal foramen
Stud Population Sample Data /
y pu size methodology Male Female Total
(% of male (% of female study
sample) sample) sample (%)
Schratter et al. ' Austrian 100 CT No data No data 6
17 Postmortem 68.9 31.1
Cooper et al. USA 2016 radiographs (6.9) (6.2) 6.7
Gossner ° German 352 CT 62.5 37.5 4.5
Paraskevas '8 Greek 60 Dried sterna 100 / 5
350 CT 63.2 36.8 54
Aktan and Savas *° Turkish (6.9) “) 3'2
62 Dried sterna No data No data ’
Yekeler et al. > Turkish 1000 MDCT No data No data 4.5
L 2 . Cadavers; Sce- 93.75 6.25
Babinski et al. Brazilian 180 letons No data No data 16.6
L 23 . 58.3 41.7
Babinski et al. Brazilian 114 MDCT (13.5) 3.1) 10.5
. 24 . . 80.5 19.5
Singh and Pathak Indian 343 Cadaveric (13.1) (8.8) 11.9
El-Busaid * Kenyan 80 Dried sterna No data No data 11.2
1 . Postmortem 100
Macaluso and Lucena Spanish 122 radiographs 6.1) / 33
Ishii et al. Japanese 1053 MDCT No data No data 3.1
. 58.3 41.7
Present Serbian 422 MDCT 5.9
(6.3) (5)

CT - computed tomography; MDCT — multidetector computed tomography.

During the embryological development, the body of ster-
num consists of 4 segments (sternebrae) in the form of two carti-
laginous sternal bars which migrate to the midline to be fused in
cranio-caudal direction > *. The failure in fusing of the sternal
bars or later ossification process results in defects such as foram-
ina of the sternal body, manubrium or xiphoid processus, sternal
clefts, or the combinations of these *®'°. The sternal variations
and aberrant morphology may have clinical implications regard-
ing normal functions of internal organs. They also may be asso-
ciated with heart and lung abnormalities '*. The solitary perfora-
tions of the sternal body are common along the midline and are
known as the sternal midline foramina "°.

Several earlier studies of different ethnic populations
were focused on the prevalence and morphometry of the
sternal midline foramina (Table 2). Similar to our results are
those from the CT study conducted in Austria, with a di-
ameter of the sternal body foramen ranging from 3 to 12 mm .

The prevalence of commonly single, round to oval ster-
nal body foramen, with a diameter range from 3—10 mm, was
slightly higher in a large cadaveric study conducted in the
USA. In this study, this anatomic malformation was less fre-
quent in the participants of white race (5.76%) and the his-
panic population (5.84%) and with higher prevalence among
the Afro-American population (9.01%). As expected, the
most of these sternal variants are found in the elderly popu-
lation group. The multiple sternal foramina were also de-
scribed as well as the elongated ones .

The sternal body foramen was found on the CT scans in
the German population ® with lower prevalence in compari-
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son to our study, while its mean width was similar (3.3 mm
in the German population versus 3.9 mm in the Serbian
population). It was emphasized that the practitioners may be
aware of serious complications that may occur due to the
presence of the sternal foramina and that the knowledge of
the distance from the skin to pericardium may be helpful for
a safe needle insertion, with conclusion that the sternal punc-
ture with a needle inserted up to 2.5 cm is not life-
threatening °. The average skin-pericardium distance that we
found was greater than this, but the minimal one was 22.5
mm. The pericardium was adjacent to the foramen in 2 cases
of our study (8.3%), while the lungs were adjacent in 45.8%
cases (versus 53.3% in German study °) with skin-pleura dis-
tance ranging from 19.6 mm to 35.7 mm. The mediastinal fat
adjacent to the sternal foramen was observed in 15 patients
whose CT images we analyzed (62.5%), which is higher than
in German population (33.33%) °.

The slightly lower prevalence of midline sternal foramen
was found in the Greek cadaveric study, while the diameters
were similar to those that we observed. In their study sample,
the number of sternal foramina was from one to five. The fora-
men of the sternal body was always single, while the multiple
foramina were detected on the xiphoid processus '*. However,
the same authors in their earlier case report, described the sternal
body foramen in a combination with the foramen of the xiphoid
processus . We did not find similar case in our study.

The CT study conducted in the Turkish population
found the sternal midline foramen in both genders, with
prevalence similar to one found in our population. Their
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study also included the prepared sternal bones sample and
the midline sternal foramen was found only in 2 of 62
cases *’. In another Turkish study, the MDCT images were
evaluated and the prevalence of the midline body foramen
was lower. Among the other variants and defects of sternum,
the foramen with a common localization in the distal half of
the sternal body, had the mean diameter of 6.5 mm (ranging
from 2 to 16 mm) which was higher than in other studies. In
one case, it was assocciated with the sternal cleft in its con-
tinuation, while 73% of participants with the sternal body fo-
ramen had sclerotic band superior or inferior in its continua-
tion >. A case of similar keywhole-shaped defect of sternum,
as the foramen of the most distal part of the sternal body with
continuation in the form of the xiphoid cleft, was described
in a study of Saccheri et al. *'.

The analysis of cadaveric and dry sternal bones in Bra-
zilians estimated the presence of the sternal midline foramen,
with the highest prevalence in comparison to other studies,
with the most common localization in the level of fourth cos-
tal notch of sternum. These foramina were solitary and round
to oval in shape, as ones found in our study. The mean longi-
tudinal and transverse diameter was also higher than we de-
scribed 2. Another study included MDCT images of the Bra-
zilian patients of both genders and the sternal foramen was
also highly prevailant, slightly more in females. The distribu-
tion among the gender groups was similar to our study while
the mean distance and the range of distance from the skin to
pericardium was equal >

The study conducted among the Indian population in-
cluded the sternal samples of both genders, collected and ana-
lyzed postmortem, and revealed the high prevalence of the mid-
line sternal foramen. It was higher in males than in females, with
a tendency of increasing with age, which was also observed in
our study, probably because of the increased muscle markings in
the elderly **. The higher prevalence of the sternal body foramen
with the common localization in the 5" intercostal segment was
also found in the Kenyan population *.

The percentage of the sternal body foramen that we found
is higher in comparison with one found in a Spanish forensic
study that described those foramina as solitary, size-variable,
round to oval, located in the distal part of the sternal body that is
similar to our findings '. Contrary to our observation, all cases
with the sternal foramen were males. The lower prevalence was
also found in the CT study conducted among the Japanese popu-
lation, where the mean diameter was 5.3 mm >

Several case reports described the occurrence of the
sternal midline foramen. Bermio and Hemalatha * described
5 x 6 mm sternal body foramen in the level of the junction of
the third and fourth sternebrae. A case of a round, 18.75 x

12.50 mm large foramen of the distal half of a sternal body,
found during autopsy, was also described by Jakhar et al. '*.
Another single large sternal foramen, with dimensions of
11.4 x 20.8 mm was described in a case report from India *.

These variations are usually asymptomatic and ob-
served during the radiological and forensic examinations or
autopsy ' **. However, they may be a serious risk factor for
the severe complications that may occur during the sternal
biopsy or acupuncture, considering the fact that the pleura,
pericardium or great vessels are adjacent to the sternum * **.
The bone marrow aspiration, that is often perform on ster-
num, may be complicated by unwanted needle penetration
through the sternal foramen leading to pneumothorax, car-
diac tamponade, or hemorrhage due to laceration of aorta *
6.21,27-30 According to some studies, in 80% of cases, the
pneumothorax and cardiac tamponade could be a result of
needle insertion through the sternal foramen ®'®. Although
rare, infections of internal organs, were also reported as a
complication of acupuncture, in the presence of the sternal
foramina *. Regarding that, the biopsy of iliac crest, in order
to perform a bone marrow aspiration, when possible, is con-
sidered to be safer. The clinicians must be aware of these
unwanted possibilities, their asymptomatic character and dif-
ficult visibility on radiographs as well as the fact that these
foramina are not palpable. Considering all above, the pre-
ventive ultrasound or CT images are recommended before
the sternal biopsy or acupuncture procedures * ' *'. Also,
these procedures should be performed in the proximal part of
sternum, because common localization of the sternal foram-
ina in the distal half of the sternal body °.

Awareness of the possibility of the sternal variations is
also important for the proper conclusions in forensic medi-
cine or pathology, because these perforations could incor-
rectly be considered as gun wounds and injuries caused be-
fore death or the osteolytic lesion **".

Conclusion

The results presented in this paper confirmed the preva-
lence of 5.9% of the midline sternal foramen in the observed
population, that is in accordance with the findings of the
most similar studies conducted in another ethnic groups. The
similarity is the most pronounced with those conducted in
the Caucasian race, as expected. The existence of the ana-
tomical sternal variations, usually asymptomatic, and its vi-
cinity to the vital organs must not be ignored and the prac-
titioners as well as forensics must be aware of such a possi-
bility. Considering that, the preceding MDCT imaging could
prevent serious complications of the sternal puncture.

REFERENCES

1. Han DH, Abn MI, Jung J1, Park SH. An asymptomatic young
woman with abnormal manubrium sterni: diagnosis and dis-
cussion. Skeletal Radiol. 2009; 38(10): 1009, 1027.

2. Bermio V'S, Jos Hemalatha GA. Congenital foramen in the body
of sternum. Int | Anat Res 2014; 2(3): 545-8.

3. Yekeler E, Tunaci M, Tunaci A, Dursun M, Acunas G. Frequency
of sternal variations and anomalies evaluated by MDCT. AJR
Am ] Roentgenol 2006; 186(4): 956—60.

4. E/lBusaid H, Kaisha W, Hassanali |, Hassan S, Ogeng'o ], Mandela
P. Sternal foramina and variant xiphoid morphology in a Ken-
yan population. Folia Morphol (Warsz) 2012; 71(1): 19-22.

Vulovi¢ M, et al. Vojnosanit Pregl 2019; 76(2): 186-191.



Vol. 76, No 2

VOJNOSANITETSKI PREGLED

Page 191

5.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Fujita H, Tomiyama ], Nishimura §. High contact pressure result-
ing from bone marrow puncture. Open ] Blood Dis 2012; 2(3):
56-8.
Gossner J. Relationship of sternal foramina to vital structures of
the chest: A computed tomographic study. Anat Res Int 2013;
2013: ID 780193.
van Marum R], te VVelde .. Cardiac tamponade following sternal
puncture in two patients. Neth ] Med 2001; 59(1): 39—40.
Bhootra BL. Fatality following a sternal bone marrow aspiration
procedure: a case report. Med Sci Law 2004; 44(2): 170-2.
Sanudo JR, Vigguez R, Puerta P. Meaning and clinical interest of
the anatomical variations in the 21st century. Eur | Anat 2003;
7(Suppl 1): 1-3.
Ogeng'o J. Clinical significance of anatomical variations. Anat J
Afr 2013; 2(1): 57-60.
Macaluso PJ, Lucena J. Morphological variations of the anterior
thoracic skeleton and their forensic significance: radiographic
findings in a Spanish autopsy sample. Forensic Sci Int 2014;
241: 220.e1-7.
Jobnson D, Shah P, Collins P, Wigley C. Thorax. In: Stranding S,
editor. Gray’s Anatomy: The anatomical basis of clinical prac-
tice. 39th ed. Edinburgh: Elsevier Churchill Livingstone; 2008.
p. 952-9.
Cudi Tuncer M, Ufuk Alucln M, Karabulut O, Ulkii R, Savas Hati-
pogln E,Nagarogln H. The demonstration of the inferior sternal
cleft using three-dimensional reconstruction: a case report.
Rom ] Morphol Embryol 2009; 50(3): 513—6.
Jakhar JK, Dagar T, Dhattarwal SK, Pal /. The sternal foramen:
The possible forensic misinterpretation of an anatomic ab-
normality. | Indian Acad Forensic Med 2015; 37(3): 315-6.
Moore KL, Persand TV, Torchia MG. The Developing Human:
Clinically Oriented Embryology. Philadelphia, PA: Saunders &
Elsevier; 2008.
Sthratter M, Bijak M, Nissel H, Gruber 1, Schratter-Sehn AU. Fo-
ramen sternale: minor anomaly - great significance. Fortschr
Réntgenstr 1997; 166(1): 69-71. (German)
Cooper PD, Stewart [H, McCormick WF. Development and mor-
phology of the sternal foramen. Am ] Forensic Med Pathol
1988; 9(4): 342-7.
Paraskevas G, Tzika M, Anastasopounlos N, Kitsoulis P, Sofidis G,
latsis K. Sternal foramina: incidence in Greek population,
anatomy and clinical considerations. Surg Radiol Anat 2015;
37(7): 845-51.

Vulovi¢ M, et al. Vojnosanit Pregl 2019; 76(2): 186-191.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

Paraskevas GK, Txika M, Natsis K. Double sternal foramina in a
dried sternum: a rare normal variant and its radiologic assess-
ment. Surg Radiol Anat 2016; 38(8): 991-3.

Aktan ZA, Savas R. Anatomic and HRCT Demonstration of
Midline Sternal Foramina. Tt ] Med Sci 1998; 28: 511—4.
Saccheri P, Sabbadini G, Toso F, Travan I.. A keyhole-shaped
sternal defect in an ancient human skeleton. Surg Radiol Anat
2012; 34(10): 965-8.

Babinski MA, Rafael FA, Steil AD, Sousa-Rodrignes CF, Sgrott
EA, de Panla RC, et al. High prevalence of sternal foramen:
Quantitative, anatomical analysis and its clinical implication in
acupuncture practice. Int ] Morphol 2012; 30(3): 1042-9.
Babinski MA, de 1emos 1, Babinski MS, Gongalves MV, De Paula
RC, Fernandes RM. Frequency of sternal foramen evaluated by
MDCT: A minor variation of great relevance. Surg Radiol An-
at 2015; 37(3): 287-91.

Singh ], Pathak RK. Sex and age related non-metric variation of
the human sternum in a Northwest Indian postmortem sam-
ple: a pilot study. Forensic Sci Int 2013; 228(1-3): 181.e1-12.
Ishii S, Shishido F, Miyajima M, Sakuma K, Shigihara T, Kikuchi K,
et al. Causes of photopenic defects in the lower sternum on
bone scintigraphy and correlation with multidetector CT. Clin
Nucl Med 2011; 36(5): 355-8.

Kumarasamy SA, Agrawal R. A large sternal foramen. Int J Anat
Var (IJAV) 2011; 4: 195-6.

Bayarogullar: H, Yengil E, Davran R, Aglagiil E, Karazgincir S, Bale:
A. Evaluation of the postnatal development of the sternum
and sternal variations using multidetector CT. Diagn Interv
Radiol 2014; 20(1): 82-9.

Wolochow MS. Fatal cardiac tamponade through congenital
sternal foramen. Lancet 1995; 346(8972): 442.

Halvorsen TB, Anda SS, Naess AB, Levang OW. Fatal cardiac
tamponade after acupuncture through congenital sternal fora-
men. Lancet 1995; 345(8958): 1175.

Pevenage P, de Maeseneer M, Muylle K, Osteanx M. Sternal foramen
simulating osteolytic lesion on scintigraphy and SPET imaging.
Ann Nucl Med Sci 2002; 15(4): 227-9.

Gossner ]. A case of an incomplete sternal foramen. Int | Anat
Var (IJAV) 2014; 7: 89-90.

Received on March 21, 2017.
Revised on May 22, 2017.
Accepted on May 22, 2017.
Online First May, 2017.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'GoranCMYK2400'] Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


