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ABSTRACT

Context: Anatomical variations of the sternum are frequent, in particular, the
occurrence of foramina and divisions of the xiphoid process. The authors have used
means of investigation ranging from dissection to imaging tests to detect these
variations. Objective: To report a case of bifid xiphoid process in a male human fetus
and/or xiphoid foramen through macroscopic analysis, complemented by the use of X-
ray image. Case report: Anatomical variations were found at the level of the xiphoid
appendix of the sternum such as a bifid formation of the appendix and a foramen found
on X-ray imaging, located in the middle of a fibrous tissue that separated the two
divisions of the xiphoid process. Conclusion: The present findings point to the need for
greater collaboration in the use of other methods for studying the anatomical variations
of the sternum. For example, Multidetector Computed Tomography (MDCT). This will
be of great value to anatomists and specialists in imaging diagnostics.
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1. INTRODUCTION

The human body has many anatomical variations. Knowing these variations is

important to avoid diagnostic errors during radiological interventions, prevent injuries
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from medical error during invasive procedures, as well as facilitating the interpretation
of physical examinations. The sternum is a bone in which anatomical variations have
been frequently studied, based on imaging examinations, autopsies, and in dry

skeletons. !

The sternum bone is a flat bone located vertically in the middle and anterior part of the
thoracic cage, it articulates with the clavicles and the ribs, and has three parts, the
manubrium, the body and the xiphoid process.1%112 The xiphoid appendix, located at
the level of the epigastrium, has the function of attaching anteriorly fibers of the rectus
abdominis muscle, aponeurosis of the internal and external oblique muscles, as well
as fibers of the diaphragm muscle, transversus thorax and posteriorly the costoxiphoid
ligaments, L3141 and it has one or two ossification centers, which appear in the 1st
decade of life and are generally completed in middle age and old age. 2211331 |n early
life, the xiphoid process is cartilaginous and ossifies in adulthood, with the transition of
the xiphoid joint from symphysis to synostosis around age 40. 8 Failure of the sternal

bars to migrate, unite or ossify can result in variations. 17

Morphologically, in most people, the xiphoid process appears as a single, tapering
bony projection, but it can also appear as wide, slender, pointed, bifid, perforated,
curved, or bent, and have a foramen.El 8l The formation of a sternal foramen can
occur from the incomplete fusion of ossified segments.8l For Pasieka et al.,l2? this
would result in a complete perforation of the manubrium, body and/or xiphoid process,
which could occur once or several times at any point along the sternum These
variations in the sternum have challenged health professionals when performing
physical examinations, interpreting chest imaging tests and performing surgical
procedures on the anterior chest wall. 1112, [201 |n this article, we tried to report the
finding using the X-ray technique to complement the macroscopic analysis, comparing

it to other techniques reported in the literature.
2. CASE REPORT

During routine dissection, at the Human Anatomy Laboratory of the Federal University

of Sergipe, of a male fetus, obtained in accordance with Law No. 8501 of November
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30, 1992, which addresses the use of unclaimed cadavers for use in research studies,
aged approximately 34 weeks, some anatomical variations were observed at the level
of the sternum, especially in the xiphoid process. In the anterior view of the sternum, a
ventral convexity was found extending from the manubrium to the body, and a
concavity was found in the xiphoid process. This process started from the posterior
face of the body of the sternum, had a caudal direction and projected obliquely in the
posteroanterior direction, forming an angle of approximately 20 degrees (Figure 1). In
posterior view, there was another concavity that extended from the manubrium to the
proximal end of the xiphoid process. Observed with the naked eye, the xiphoid process
did not appear to have a break in continuity with the body of the sternum. From the
body of the sternum, this process bifurcated into two other processes: one on the right,
more caliber and 7 mm long, and another on the left, thinner, 8 mm long, which followed
towards the right process, making an angle of approximately 120 degrees. The two
processes were separated from each other by a distance of 5 mm and a whitish
connective tissue could be seen between them, without presenting foramen, observed
with the naked eye (Figure 2). However, in the radiography of the sternum, it allowed
the visualization of an image compatible with that of a foramen in the xiphoid process,
measuring 25 mm?2 in area, as well as four ossification centers, one in the manubrium

and three in the body of the sternum (Figure 3).
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Figure 1. Ventral view of the sternum display a concaveness and angulation of the sternum of the

sternum

Source: Authors (2023).
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Figure 2. Dorsal view of the sternum showing the two xiphoid processes separated by connective tissue

and without a foramen visible to the naked eye

Source: Authors (2023).
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Figure 3. Area of the xiphoid foramen and ossification centers
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3. DISCUSSION

The sternum originates from a pair of longitudinal mesenchymal bands, located on both
sides of the anterior thoracic wall, which arise during the sixth week of intrauterine life,
later grow and migrate medially to meet in the midline where they fuse. This fusion of
the sternal bars is completed in the 10th week of intrauterine life, after the fixation of
the ribs to form the sternal plate.l11 118l [2ZlSeveral ossification centers are present in
the sternum, and this progresses in a craniocaudal direction from the third to fourth
year of postnatal life and is usually complete by adolescence or adulthood. 118
[20The ossification of the sternal bone is of the endochondral type, which is regulated
from specific ossification centers located in the manubrium (one ossification point) and,
in the mesosternum (three ossification points), it is conducted along specific segments
in the mesosternum , known as sternebrae, may extend up to 25 years of life.[22-124] |n
the present study, it was possible to observe, through a radiograph of the fetus'
sternum, four ossification points, of which one was in the manubrium and three in the
body. It is important to highlight that these findings were not observed in the dissection

examination.

Failures in the development process of the fusion lines of multiple ossification centers
result in various anomalies of the sternum, such as the formation of foramina or
fissures.l14 J[25]. [26llncomplete fusion of the lower end of the sternum results in a bifid
or perforated xiphoid process, 22118l [20which may appear filled with fibroadipose tissue
and vessels.28l|n the present case, a fibroadipose tissue was also observed occupying

the sternal foramen and/or the bifurcation of the xiphoid process.

The sternal foramen is a developmental defect of the sternum that results in complete
perforation of the manubrium, body, or xiphoid process, but mostly appears on the
lower part of the sternum. This anatomical variation can be single or multiple in any
region along the sternum. (Pasieka et al., 2023). ¥IThe incidence of sternal foramen
in the literature has ranged from 3.1% to 27.4%, while the presence of xiphoid foramen
has been reported in up to 57.8% (Table 1).[211121[13],[21],[22],[25]-[36]
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Table 1. General occurrence of xiphoid foramen in human adults of both sexes

Author Method of study Single xiphoid foramen %

Akin et al. 23l Multidetector computed 34.2
tomography

Xie et al.,28l Multidetector computed 57.8
tomography

Kuzucuoglu, Albayrak,21 Computed tomography 33.8

Vatzia et al.,12 Multidetector computed = 30.7
tomography

Pasieka et al.,22 Computed tomography and X- 2.9
rays

Ashley 22 X rays 13.3

El-Busaid et al. =l Cadavers 13.8

Babinski et al.,29 Cadavers 16.7

Xie et al. =8l Cadavers 56.1

Paraskevas et al.,21 Cadavers 18.3

Gkantsinikoudis et al. 18l Cadavers 14.3

Source: Authors (2023).

In the present case, a xiphoid foramen was visualized through a radiograph of the
sternum of a male fetus. Several authors also observed a higher prevalence of the
xiphoid foramen in males,18-20.350 ynlike Paraskevas et al.,2ll who did not observe

differences in prevalence between genders.

As the sternum is a bone located anteriorly to several vital structures of the thoracic
cage, knowledge about the sternal foramina becomes of great importance to avoid
injuries to these structures located in the thorax, with numerous implications, such as
traumatic injury to the pleura, heart, in as a result of bone marrow aspiration
procedures or acupuncture.l120l Thus, procedures such as acupuncture, bone
marrow aspiration and sternal puncture need to be planned in advance with
radiological image analysis. Because if a needle is inserted deeply, the pericardium
can be injured, which can cause pneumothorax or cardiac tamponade, as well as injury
to a vessel within the chest or even to the right ventricle.[22[18].[20],[21],[26]

The bifurcation of the xiphoid process, the distinction between fracture and variation of
the sternum is important in a trauma patient.18 29 Anatomical variations can simulate
sternal fractures on plain radiography, but ultrasound and computed tomography of the
sternum can be used to distinguish anatomical variations from fractures.22 Therefore,

cross-sectional images, such as Computed Tomography and MRI, are often needed
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to describe the findings detected on radiography and reveal additional small

changes.2%

Sternal variations are common incidental findings on radiographic images, and typical
etiologies include suprasternal bones or tubercles, sternal sclerotic band or cleft,
foramina, bifid or trifid xiphoid endings, and angulation of the xiphoid process.[2:41l
Anatomical variations of the sternum occur in up to 74% of the population,2 with
sternal foramen occurring in 2.5-13.8%,27! bifid xiphoid processes in 17.5-32.8% and
trifid xiphoid processes in 0.7-4.6% of individuals.22l42L43] Although the presence of
sternal variations, with a single xiphoid process, bifid, trifurcate, foramina and absence,

rarely present symptoms, are typically occasional findings on radiographic images or

autopsy, they have clinical relevance-13l1611171[1211[33[411[44] Reports in the literature
have found a variable prevalence of bifid xiphoid processes ranging from 20% to 42.9%

(Table 2), while a single xiphoid process was found in 62.6% to 80% of
cases.[131.[17],[21],[33],[43],[44]

Table 2. General occurrence of bifid xiphoid process in human adults of both sexes

Author Method of study Bifid xiphoid process %
Yekeler et al.,Bl Multidetector computed tomography = 27.2

Akin et al. 23 Computed tomography 32.8

El-Busaid et al. =l Cadavers 20.0

Delgado et al.,45 Computed tomography 1.0

Kirum et al. 44 Cadavers 42.9

Turkay et al.,“8l Computed tomography 25.0

Atesoglu, Deniz, Uslu,“2 Multidetector computed tomography = 10.5

Fonte: Autores (2023)

Pasieka et al.,x? performed a meta-analysis with 16,666 patients to study the
prevalence of the sternal foramen in the body and in the xiphoid process, as well as to
verify its clinical importance. The authors reported that there was a statistically
significant improvement in detection of the sternal foramen in cadaveric studies
compared with CT and X-ray imaging modalities. However, no statistically significant
differences were found between multidetector computed tomography, computed
tomography and X-ray studies, as well as between cadaveric and multidetector
computed tomography studies. This is probably due to the fact that at autopsies it is

possible to visualize small foramina that could possibly not be reliably visualized on

43
RC: 145839
Available in: https://www.nucleodoconhecimento.com.br/health/morphology-of-the-bifid



https://www.nucleodoconhecimento.com.br/
https://www.nucleodoconhecimento.com.br/health/morphology-of-the-bifid
https://www.nucleodoconhecimento.com.br

MULTIDISCIPLINARY SCIENTIFIC JOURNAL  REVISTA CIENTIFICA MULTIDISCIPLINAR NUCLEO DO

0 ) NUCLEO [D() CONHECIMENTO ISSN: 2448-0959

https://www.nucleodoconhecimento.com.br

multidetector computed tomography, X-rays and computed tomography. Despite there
being no statistically significant difference between multidetector computed
tomography, computed tomography and X-rays, it has been suggested that healthcare
professionals looking to verify the presence of a sternal foramen should use
multidetector computed tomography images. 42

4. CONCLUSION

The present findings show the need for more attention to be given to anatomical
variations of the sternum through the use of different methods such as computed
tomography, multidetector computed tomography and X-rays. This attention will be
important not only for anatomists, but especially for imagenologists, in order to avoid

errors in diagnostic analysis.
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