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Abstract
Background  The xiphoid process (XP) in animals such as sheep and rats are well known to have cartilage called xiphoidal 
cartilage (XC). In humans, the cartilage in the xiphoid process is considered an anatomical variant and is not well under-
stood. The aim of this study was to investigate the morphology of the XP.
Methods  A total of twenty embalmed European descendant cadaveric sterna (aged 52 to 98 years) were used. Transillumi-
nated XPs and midsagittal sections of XPs were used to examine the bone and cartilage. Subsequently, a sagittally-sectioned 
XP was harvested for histology and stained with Masson’s trichrome. The results of the transillumination and histological 
examinations were compared qualitatively.
Results  The dark area visible in transilluminated XPs was consistent with the bony part in the midsagittal XP sections, which 
contained bone marrow; the bright area was consistent with the cartilage part in the midsagittal XP sections. This was all 
demonstrated histologically. Most of the XPs (85%) had some portion of cartilage. The XP was classified into four types 
based on its proportions of bone and cartilage: Type I, no ossification (< 1/3 ossification) 45%; Type II, minor ossification 
(1/3 − 1/2 ossification) 20%; Type III, major ossification (1/2–2/3 ossification) 20%; Type IV, complete ossification (> 2/3 
ossification) 15%. Most of the XPs (85%) had bone and cartilage, which could have been overlooked in studies using skel-
etons or CT.
Conclusion  Previous studies probably underestimated or overestimated the size of the XP. The XC needs to be considered 
as normal anatomy.

Keywords  Xiphoid process · Cartilage · Bone · Sternum · Cadaver

Received: 27 July 2024 / Accepted: 9 August 2024 / Published online: 22 August 2024
© The Author(s), under exclusive licence to Springer-Verlag France SAS, part of Springer Nature 2024

Revisiting morphology of xiphoid process of the sternum in human: a 
comprehensive anatomical study

Joe Iwanaga1,2,3,4,5 · Rarinthorn Samrid1,6 · Kierany B. Shelvin7 · Juan J. Cardona1 · Keishiro Kikuchi1,5,8 · 
Arada Chaiyamoon6 · Athikhun Suwannakhan9 · R. Shane Tubbs1,2,3,4,10,11,12

1 3

http://crossmark.crossref.org/dialog/?doi=10.1007/s00276-024-03463-1&domain=pdf&date_stamp=2024-8-18


Surgical and Radiologic Anatomy (2024) 46:1687–1692

Introduction

The xiphoid process (XP) is the smallest and most variable 
sternal element in the epigastrium. It can be thin, broad, 
bent, bifid or trifid, pointed or perforated (foramen). It can 
be misdiagnosed as an epigastric mass if it is elongated and 
curved forwards. It is cartilaginous at birth, begins to ossify 
in the third year or later, and is more or less ossified in adults 
[18]. It is continuous with the lower end of the sternal body 
at the xiphisternal joint. There are demifacets articulat-
ing with parts of the seventh costal cartilage anterior to its 
superolateral angles [18]. Gross anatomical and radiological 
studies of the XP have been conducted. Xie et al. [20] clas-
sified XPs into different types on the basis of their morphol-
ogy using multidetector computed tomography (MDCT) 
and cadavers. Akin et al. [1], using MDCT, reported that 
the XP was absent in 1.1% of cases and showed no ossifica-
tion in 2.3%. There have been several studies on the sternal 
foramina [3, 5, 14]. The previous literature, using dry bones 
or CT images, has mainly discussed the presence or absence 
of foramina, bifid or trifid XPs, or variant ossification of the 
XP. A recent case report by Sue et al. [19] described an XP 
with a large foramen, curvature, and partial ossification as 
a unique variation. However, as most XP studies have used 
skeletons or CT evidence, the prevalence of ossification and 
the detailed morphology are still unknown.

It is well known that some animals such as rats [13, 21] 
and sheep [12] have xiphoid (xiphoidal) cartilage (XC) as 
normal anatomy. In some animals, the XC is even synon-
ymous with the XP [7]. In human anatomy, as aforemen-
tioned, the XC can be considered an anatomical variant [6]. 
Descriptions of the human XC, as found in old literature, 
are scant [2]. The aim of this study was to investigate the 
morphology of the human XP to reveal how the XC is asso-
ciated with it.

Materials and methods

A total of twenty embalmed European descendant cadav-
eric sterna (thirteen females and seven males) whose ages 
at death ranged from 52 to 98 years (mean: 80.0) were used.

After all the soft tissue was removed, except the carti-
laginous tissue attached to the XP, transillumination was 
used to reveal the bone and cartilage parts (transilluminated 
XP) []. The XP was then cut through the middle to assess 
the relative proportions of bone and cartilage (midsagittal 
section of XP). Subsequently, a sagittally-sectioned xiphoid 
process was harvested for histology and embedded in paraf-
fin. A microtome was used to cut 5 μm slices, which were 
stained with Masson’s trichrome, and the specimen was 
examined under a light microscope. Finally, the results of 

the transillumination and histological examinations were 
compared qualitatively. The prevalences of bifid XPs and 
xiphoidal foramina were also noted during observation.

No previous surgical scars or obvious pathology were 
observed in the skin of the thorax, sternum, or surround-
ing area. This study was performed in accordance with the 
requirements of the Declaration of Helsinki (64th WMA 
General Assembly, Fortaleza, Brazil, October 2013).

All observations were obtained by two anatomists 
(J.I. and R.S.)

The authors state that every effort was made to follow all 
local and international ethical guidelines and laws that per-
tain to the use of human cadaveric donors in anatomical 
research [10].

Results

The dark area in transilluminated XPs was consistent with 
the bony part in the midsagittal XP section, which contained 
bone marrow (hard tissue, hard to cut). The bright area was 
consistent with the cartilaginous part in the midsagittal XP 
section (soft tissue, easy to cut) (Fig. 1). This was all dem-
onstrated histologically after Masson trichrome staining. 
Most XPs had some portion of cartilage. The XP was clas-
sified into four types on the basis of the relative proportions 
of bone and cartilage (Fig. 2):

Type I, no ossification (< 1/3 ossification) 45% (9/20).
Type II, minor ossification (1/3 − 1/2 ossification) 20% 

(4/20).
Type III, major ossification (1/2–2/3 ossification) 20% 

(4/20).
Type IV, complete ossification (> 2/3 ossification) 15% 

(3/20).
Bone and cartilage constituted the entire XP in most spec-

imens, but the prevalences of bifid XPs/XP foramina with or 
without cartilage differed. Among the bifid XPs, 20% (4/20) 
had cartilage and 40% (8/20) did not. Among the xiphoid 
foramina, 20% (4/20) had cartilage and 10% (2/20) did not 
(see type III in Fig. 2).

One unique anatomical variation was noted in a 77-year-
old female specimen. The XP was not clearly visualized in 
the anterior view of the thorax. However, two very long legs 
were identified in the posterior view (Fig. 3). Histological 
examination revealed that the XP could have been visual-
ized as one with a foramen when the cartilaginous part was 
removed.
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Discussion

XP cartilage (XC) was identified in most specimens, 85%, 
in the present study. Over a long period of history, anato-
mists have taught that the XP is a part of the sternum and 
consists of bone, only rare exceptions including cartilage. A 
possible reason is that the anatomy of the sternum has been 
taught using skeletons or CT, neither of which shows carti-
lage. Another reason could be the name of the XP. The term 
“xiphoid” is derived from the Greek word xiphos, which 
means “straight sword,” implying a hard, sharp, and straight 
structure. This could make us think that the XP is some-
thing straight comprising only hard tissue. Interestingly, 
some clinical literature has occasionally mentioned the XC 
[2]. Hanlon et al. [8] reported a patient who complained of 
heaviness in the pit of the stomach caused by a deformed 
XP. Their article described the XP as consisting of cartilage 
with a core of bone that enlarges with age. The treatment 
was described as excision of the cartilage.

What are true xiphoid foramina or bifid XP?

Sternal foramina on the xiphoid process have been reported 
in 2.5-57.77% using cadavers and DCT [21]. Forked-
shaped XPs (equivalent to bifid XPs) have been found in 
11.65–21.95%; some could also be trifid [4, 17]. The true 
prevalence of the xiphoid foramen was 20% (4/20) in the 
present study. However, if dried skeletons had been used, 
the prevalence would have been 10% (2/20) because part 
of the foramen is cartilage. True bifid XPs were 20% (4/20) 
in the present study but would have been 40% (8/20) had 
dried skeletons been used. Therefore, previous reports on 
the prevalence of both xiphoid foramina and forked-shaped 
XPs (bifid XP) could have been over- or under-estimated. 
The XP must have been smaller than actual size (length, 
width) in those previous studies using dried skeletons.

Fig. 1  Comparison between the transilluminated XP (A) and a mid-
sagittal XP section (B) The dark area shown in transilluminated XP 
was consistent with the bony part in the midsagittal XP section, which 

contained bone marrow (arrows). The bright area was consistent with 
the cartilage part in the midsagittal XP section (arrowheads)
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Fig. 3  Variant xiphoid process in a 77-year-old female specimen. A: 
The xiphoid process was not clearly visualized in the anterior view 
of the thorax, but two very long legs and a foramen-like structure 
were identified in the posterior view. B: The midsagittal section of the 

variant xiphoid process stained with Masson trichrome shows carti-
laginous tissue (arrowheads) between bones superior and inferior to 
it (arrows)

 

Fig. 2  Classification of types using gross anatomical, transilluminated, and histological observations. Hyaline cartilage with chondrocytes was 
observed in samples
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Development and ossification of the XP

Occasionally, researchers have identified the XC without 
histology [19]. As shown in Fig. 3, only histological exami-
nation can reveal the structures in the space between the 
bones [11]. In the present study, there was more ossification 
in proximal (superior) parts of the XPs and less in distal 
(inferior) ones, but Fig. 3 shows one exception. Here, the 
proximal and distal parts were ossified but not the middle.

There are six ossification centers in the development of 
the sternum: one in the manubrium, four in the body, and 
one in the XP. Ossified areas can be identified only in the 
manubrium and mesosternum at birth. The XP begins to 
ossify in the third year or later. Ossification of the sterne-
brae should be completed at around 25 years old [16, 22]. 
All cadaveric specimens in the present study were over 50 
years old, so ossification should have been complete, but 
cartilage was still present in most of them. Only 15% (3/20) 
of the XPs showed complete ossification, so cartilage within 
the XP should be considered as normal anatomy.

Future direction

Since cartilage is composed solely of chondrocytes, which 
have very poor turnover capacities, regeneration of it remains 
a major challenge [15]. A comprehensive anatomical under-
standing of the XP is therefore essential. The results of the 
present study provide a fundamental basis for revisiting, 
modifying, or even developing a medical treatment.

Conclusions

The vast majority of XPs (85%) had bone and cartilage, 
which could have been overlooked in studies using skel-
etons or CT. Previous studies could have underestimated or 
overestimated the size of the XP. The term “xiphoid pro-
cess” should comprise bony and cartilaginous parts. The 
cartilage needs to be considered as normal anatomy.

Limitations

The age of cadavers might affect the ossification of the car-
tilage. Some cartilaginous tissue might have been removed 
during dissection.
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