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ANATOMIC VARIATIONS
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Abstract
This report details an unusual case of a human sternal developmental abnormality of an anatomical specimen part of the 
skeletal collection curated by University College London, Anthropology Department skeletal collection. This rarely reported 
developmental abnormality is caused by the non-fusion of lateral ossification centres in the sternebrae, resulting in the 
mesosternum having a honeycomb-like appearance. Sternal defects are typically underreported in the clinical literature as 
many cases being asymptomatic that they are typically diagnosed incidentally, as such there is a dearth in our current under-
standing of the development and anatomical variants of the sternum. Although in recent years, large-scale CT studies have 
investigated the prevalence of sternal developmental abnormalities, these studies have not reported sternal defects similar 
to the individual presented in this report. While most sternal defects are clinically uneventful, the lack of awareness of these 
variants can result in misinterpretation of radiological and pathological findings as such an understanding of anatomical 
variants even when asymptomatic is vital.
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Introduction

The adult sternum is comprised of three sections connected 
by secondary cartilaginous joints: the manubrium (the first 
sternebrae) located superiorly, the mesosternum (or body, 
comprised of the second to fifth sternebrae) in the centre, 
and the xiphoid process (the sixth sternebrae) inferior to 
these other elements [7–9, 14, 17]. Development of the 
sternum begins during the sixth week of intrauterine life, 
originating from a pair of longitudinal mesenchymal bands 
on either side of the anterior chest wall, which then migrate 
medially to form the cartilaginous sternum [9, 14]. Fusion 
of these two halves—known as the sternal bars—progresses 
from the cranial end to the caudal end of the sternum in a 
process which normally completes by the tenth week [2, 5, 
10]. The cartilaginous sternum then ossifies from several 
ossification centres that appear in craniocaudal sequence 

around the fifth-to-sixth gestational weeks [14]. There are 
usually six ossification centres present in the sternum: one 
for the manubrium, four in the mesosternum, and one for the 
xiphoid process, though these numbers do vary somewhat 
(Fig. 1) [7, 17].

The mesosternum sternebrae are typically comprised of 
a single midline ossification centre. However, depending on 
the sternebra, it is not uncommon for more than one point of 
ossification to be present, an occurrence described as bifur-
cated ossification centres [7, 17]. The bifurcated centres in 
a single sternebra are usually arranged evenly and bilaterally 
across the midline, though they may also be somewhat dis-
placed superiorly or inferiorly relative to one another [17]. 
When bifurcated (or multiple) ossification centres are pre-
sent, the sternebrae initially exhibit osseous discontinuity, 
altered morphology of the adjacent margins, and/or asym-
metrical forms. These ossification patterns are visible from 
the last month in utero until around 4 years of age when the 
separate sections of the sternum start to fuse [7]. Normally, 
these segments fuse during growth and it is often not pos-
sible to identify ossification patterns in adult individuals [1, 
7].

Using radiography, Ashley [1] defined four patterns of 
sternal ossification, as follows:
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Type I: From cranial to caudal orientation, the first 
three sternebrae of the mesosternum are usually formed 
of a single midline ossification centre. Vertical doubling 
of ossification centres may occur within these sternebrae, 
but they are still oriented along the midline. The fourth 
sternebra of the mesosternum may have a single or double 
ossification centre or may be absent entirely.

Type II: The first sternebra of the mesosternum 
alone or the first two sternebrae possess a single, mid-
line ossification centre, while the second (some cases), 
third (all cases), and fourth (some cases) sternebrae may 
show double ossification centres. These doubled centres 
may be evenly oriented across the midline or displaced 
cranio-caudally.

Type III: The ossification centres in the first three stern-
ebrae of the mesosternum are doubled (again, either evenly 
or displaced cranio-caudally) and the fourth sternebra may 
have either a single, double, or absent ossification centre.

Type IV: The first sternebra alone or first two mesoster-
nal sternebrae have double ossification centres, while the 
third sternebra is a single centre and the fourth is single 
or absent.

Both abnormal development and incomplete fusion of the 
sternum are a rare finding in archaeology and anthropol-
ogy, despite the variation in sternal morphology being well 
documented [5]. While fusion of the sternebrae is typically 
complete by 25 years of age [6], non-fusion of the sternebrae 
of the mesosternum has been reported among older individu-
als—though there have been no previously reported cases of 
non-fusion of multiple bifurcated sternal ossification centres 
as presented in this study (but see Knox [8]).

Materials and methods

The sternum of an adult human from the Biological Anthro-
pology collection housed in the University College London 
(UCL) Department of Anthropology was observed. The 
provenance of this sternum is unknown, although it is con-
sidered to have been part of a medical or anatomical collec-
tion. The primary evaluative framework for assessing the 
morphology of the sternum was macroscopic analysis. From 
these observations, the pattern of sternal fusion was classi-
fied as one of the four types using the criteria described by 
Ashley [1].

Results

The sternum, illustrated in Fig. 2, consisted of a manubrium 
and mesosternum made up of six segments showing vary-
ing degrees of fusion, along with the ossified xiphoid pro-
cess and costal cartilage. While the manubrium and the first 
sternebra of the mesosternum were single fused sternebrae, 
the third and fourth were comprised of two unfused ossifica-
tion centres, and the fifth sternebra appears to have originally 
had three ossification centres which had almost completely 
fused into a single section. This pattern of ossification is 
consistent with Type II based on the categories described by 
Ashley [1]. The sternal segments were vaguely hexagonal 
in morphology, but were longer along the superior–inferior 
axis and less regular in shape and size. The degree of fusion 
increased caudocranially, as is typical for Homo sapiens [6].

Discussion

Sternal abnormalities are underdiagnosed in clinical set-
tings, with clinically obvious cases typically diagnosed at 
or shortly after birth, and asymptomatic sternal abnormali-
ties more often discovered incidentally later in life [14]. As 
a result, the majority of our understanding regarding the 
frequency and variation in sternal abnormalities comes 
from large-scale radiographic and Computed-Tomography 
(CT) imaging studies [17, 18]. These reviews have detailed 
numerous morphological variations and developmental 
abnormalities affecting the bones of the sternum [5, 18]. 
Yekeler et al. [18] reviewed the morphology and frequency 
of sternal variation and abnormalities in 1000 patients 
(582 men and 418 women; 20–92 years with a mean age of 
54 years) who underwent thoracic multidetector CT exami-
nations. Their results revealed the frequency of a number of 
previously documented sternal abnormalities such as ster-
nal clefts, fissures, tubercles and fusion patterns, as well as 

Fig. 1  Diagram illustrating ossification centres of the sternum. (Left) 
Sternum with single ossification centres in the mesosternum and age 
ranges at which the sternebrae of the mesosternum fuse together. 
(Right) Segmented ossification centres in the mesosternum, which 
typically fuse together to form individual sternebrae at around 4 years 
of age
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several more unique cases such as a trifurcate xiphoid pro-
cess, and an individual with three foramina in their xiphoid 
[18]. However, none of these previous, extensive, clinical 
reviews have identified individuals with developmental 
abnormalities similar to those reported here. The closest 
example that could be found in the literature was briefly 
described by Knox [8] (see Fig. 3) while commenting on the 
apparent frequency in which this developmental abnormal-
ity is found in specimens of Pongo [12, 15]. It consists of 
the sternum of an adult male human, with the second, third, 
and fourth mesosternal sternebrae each being separated into 
two segments.

CT examination of developing sterna in clinical contexts 
has found that accessory ossification centres are frequent 
in the manubrium and mesosternum [1, 7]. A review of 
49 developing sternum reported bifurcated or accessory 
ossification centres among 20% of the individuals [10]. 
These accessory ossification centres form as a result of 

endochondral ossification and appear most frequently in 
the mesosternum [1]. While accessory ossification centres 
are typically symmetrical, they are known to develop in an 
irregular manner in instances of asymmetry in the costal 
joints [1]. As noted above, a review of ossification pat-
terns reported four types of ossification. The most common 
form—which accounted for 60–67% of reported cases—
involves one ossification centre in the manubrium, one in 
the first sternebrae, and two in the other sternebrae (Type 
II) [1]. Osseous fusion of the accessory ossification cen-
tres occurs prior to ossification of the mesosternebrae and 
is considered to be complete after 13 years of age; however, 
evidence of these ossification centres may remain evident in 
radiographic imaging [10].

Developmental abnormalities in the sternum resulting 
in non-fusion are common in the published literature and 
both sternal foramina and sternal clefts have been discussed 
extensively [13, 16, 18]. Sternal foramina are a relatively 
common developmental abnormality resulting from the 
incomplete fusion of a pair of sternebrae and have been 
reported to have a frequency of between 4.3 and 6.7% [4, 
13, 16, 18]. As previously stated the sternal bones ossify 
from cartilaginous precursors that develop in craniocaudal 
succession from the fifth month in utero until shortly after 
birth [1, 3, 7]. It is a failure in this developmental process 
that results in various sternal abnormalities, such as sternal 
fissures and foramina [3].

While additional ossification centres in the mesosternum 
are a relatively common occurrence among juveniles and 
non-fusion of the sternebrae has been reported, to date, there 
have been no reported cases of non-fusion of these addi-
tional segments after 5 years of age. This report, therefore, 
details a previously undescribed developmental abnormality. 

Fig. 2  Human sternum with unfused accessory ossification centres 
in the mesosternum. Photograph of the anterior view of an adult 
human sternum including the manubrium, mesosternum, and ossified 
xiphoid process as well as ossified costal cartilage on the superior lat-
eral aspects of the manubrium

Fig. 3  Sternum of an adult male human, illustration adapted from line 
drawing in Knox ([8]:293)
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Clinically, knowledge of the development, maturation, vari-
ation, and anomalies of the sternum is important in cases of 
potential chest and sternum injuries and surgical procedures 
[2, 11].

Conclusion

This report details a human with a developmental sternal 
abnormality from the skeletal collection at University Col-
lege London, Anthropology Department. The individual 
presented with a honeycomb-like appearance due to the 
non-fusion of the sternal ossification centres. This devel-
opmental abnormality has not been reported in the anthro-
pological literature or in the extensive clinical reviews of 
sternal pathology and morphology. Due to lack of previ-
ous published cases of similar sternal abnormalities in pre-
vious clinical literature, it is considered unlikely that the 
defect identified in this report would present with clinically 
eventful symptoms; however, the lack of awareness of these 
variants can result in misinterpretation of radiological and 
pathological findings, and in rare instances fatality during 
surgical procedures and biopsies [16]. The sternum is fre-
quently used as surgical entrance, particularly during car-
diac surgery, as such increased awareness of structural and 
developmental variations is important. Due to the lack of 
contextual data, it is difficult to discuss the prevalence of 
this sternal abnormality or to draw specific conclusions. It 
may be possible that this honeycomb-like appearance may 
be more prevalent among other hominoid groups, but this 
can only be confirmed by re-examining anthropological and 
natural history collections.

Acknowledgements We would like to thank C. Soligo for providing 
access to the skeletal collection at the Department of Anthropology, 
University College London.

Author contributions CSH: project development, data collection, 
manuscript writing, and revisions. SW: curator, data collection, and 
manuscript writing. TS: manuscript writing. AG: manuscript writing

Compliance with ethical standards 

Conflict of interest The authors declare that there is no conflict of in-
terest.

Open Access This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://creat iveco 
mmons .org/licen ses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate 
credit to the original author(s) and the source, provide a link to the 
Creative Commons license, and indicate if changes were made.

References

 1. Ashley GT (1956) The relationship between the pattern of ossifi-
cation and the definitive shape of the mesosternum in man. J Anat 
90(1):87–105

 2. Bayaroğulları H, Yengil E, Davran R, Ağlagül E, Karazin-
cir S, Balci A (2014) Evaluation of the postnatal development 
of the sternum and sternal variations using multidetector CT. 
Diagn Interv Radiol (Ankara, Turkey) 20(1):82–89. https ://doi.
org/10.5152/dir.2013.13121 

 3. Choi PJ, Iwanaga J, Tubbs S (2017) A comprehensive review 
of the sternal foramina and its clinical significance. Cureus 
9(12):e1929

 4. Cooper PD, Stewart JH, McCormick WF (1988) Development and 
morphology of the sternal foramen. Am J Forensic Med Pathol 
9:342–347

 5. Duraikannu C, Noronha OV, Sundarrajan P (2016) MDCT evalua-
tion of sternal variations: pictorial essay. Indian J Radiol Imaging 
26(2):185–194. https ://doi.org/10.4103/0971-3026.18440 7

 6. Gray H (1974) Grays anatomy. Running Press, Philadelphia
 7. Grumeler E, Akpinar E, Ariyurek OM (2019) MDCT evaluation 

of sternal development. Surg Radiol Anat 41(3):281–286
 8. Knox R (1840) Inquiry into the present state of our knowl-

edge respecting the orang-outang & chimpanzée. Lancet 
34(873):289–296

 9. Neuhuber W, Lyer S, Alexiou C, Buder T (2016) Anatomy and 
blood supply of the sternum. In: Horch R, Willy C, Kutschka I 
(eds) Deep sternal wound infections. Springer, Berlin

 10. O’Neal M, Dwornik J, Ganey T, Ogden J (1998) Postnatal devel-
opment of the human sternum. J Pediatr Orthopaed 18(3):398–405

 11. Ogden JA, Conlogue GJ, Bronson ML, Jensen PS (1979) Radiol-
ogy of postnatal skeletal development. II. The manubrium and 
sternum. Skelet Radiol 4:189–195

 12. Owen R (1835) On the osteology of the chimpanzee and 
orang utan. Trans Zool Soc Lond 1:343–379. https ://doi.
org/10.1111/j.1096-3642.1835.tb006 35.x

 13. Restrepo CS, Martinez S, Lemos DF, Washington L, McAdams 
HP, Vargas D, Lemos JA, Carrillo JA, Diethelm L (2009) Imaging 
appearances of the sternum and sternoclavicular joints. Radio-
graphics 29:839–859

 14. Saccheri P, Sabbadini G, Toso F, Traven L (2012) A keyhole-
shaped sternal defect in an ancient human skeleton. Surg Radiol 
Anat 34(1):965–968

 15. Schultz AH (1930) The skeleton of the trunk and limbs of higher 
primates. Hum Biol 2(3):303–438

 16. Turkay R, Inci E, Ors S, Nalbant MO, Gursees IA (2017) Fre-
quency of sternal variants in living individuals. Surg Radiol Anat 
39(11):1273–1278

 17. Yang M, Jiang H, Yu X, Chen W, Li Q, Zhang Y, Pan B (2017) 
Sternal development and variations and anomalies in patients with 
microtia: evaluation using 3-dimensional computed tomography. 
J Comput Assist Tomogr 41(5):784–791

 18. Yekeler E, Tunaci M, Tunaci A, Dursun M, Acunas G (2006) Fre-
quency of sternal variations and anomalies evaluated by MDCT. 
Am J Roentgenol 186:956–960

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.5152/dir.2013.13121
https://doi.org/10.5152/dir.2013.13121
https://doi.org/10.4103/0971-3026.184407
https://doi.org/10.1111/j.1096-3642.1835.tb00635.x
https://doi.org/10.1111/j.1096-3642.1835.tb00635.x

	Honeycomb sterna: an unusual case of a developmental abnormality in the sternum
	Abstract
	Introduction
	Materials and methods
	Results
	Discussion
	Conclusion
	Acknowledgements 
	References




