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Abstract
Ossa cordis, bones located within the heart trigones, are often classified as heterotopic or ectopic bones. Despite their high prevalence in cattle 
and some other bovids, little is known about their structure or development. Scanning electron microscopy, X-ray microtomography, gross 
dissections, and measurements showed the anatomical locations, prevalence, shapes, and measurements of the cardiac bones in both 
Egyptian Baladi cattle and Holstein-Friesians. All cattle (n = 12) had an Ossa cordis dextrum (average = 50.70 × 20.91 × 5.40 mm). Additionally, 
80% Egyptian Baladi and 57% Holstein-Friesian had a smaller Ossa cordis sinistrum (average = 24.94 × 12.75 × 4.12 mm). Egyptian Baladi 
Ossa cordis were smaller than observed in Holstein-Friesians. Energy-dispersive X-ray analysis showed the elemental constitution (carbon, 
oxygen, calcium, nitrogen, phosphorus, sodium, and magnesium) of Ossa cordis and Cartilago cordis. These imaging techniques, plus four 
histological stains (hematoxylin and eosin, Crossman’s trichrome, Alcian blue with Van Gieson, and Sirius Red) and microscopy, demonstrated 
osteoblasts, osteocytes, osteoclasts, astrocytes, blood vessels, bone marrow, lamellar and woven bone, cortical bone, trabeculations with 
pores and canaliculi, and fibrous components including collagen in the Ossa cordis dextrum and sinistrum. Hyaline cartilage and fibrocartilage 
(chondrocytes and cartilage matrix) were found within and surrounding the Ossa cordis. These findings were additionally compared against 
other cattle breeds and species.
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Introduction
Within the cardiac skeleton, the fibrous trigones are located 
between the aorta and the atrioventricular openings, and to-
gether with the aortic fibrous, it forms the central fibrous 
body. The trigones in most species are composed of dense con-
nective tissue and can contain fibrocartilage and hyaline cartil-
age (Cartilago cordis) and even bone (Ossa cordis) in a limited 
number of species, as described in detail previously (Best et al., 
2022). In brief, buffalo, camel, cat, cattle, chimpanzee, ante-
lope and deer, dog, elephant, giraffe, goat, horse, otter, sea 
lion, and sheep all have documented Ossa cordis (David, 
1937; Barasa & Gobetto, 1957; James, 1965; Frink & 
Merrick, 1974; Long & Smart, 1976; Habermehl & 
Schmack, 1986; Egerbacher et al., 2000; Mohammadpour, 
2007; Matsuda et al., 2010; Balah et al., 2014; Daghash & 
Farghali, 2017; Vazquez et al., 2019; Moittie et al., 2020; 
Maguigad & Balagan, 2021; de Almeida Lima Massari 
et al., 2022; Yoshida et al., 2022; El-Gendy et al., 2023). 
Bone cells, although not a full Ossa cordis, have been observed 
in the human fulcrum (Tohno et al., 2007; Trainini et al., 
2021). When more than one Ossa cordis is present, they are 
differentiated in the right-sided, often larger Ossa cordis dex-
trum, and the left-sided, usually smaller Ossa cordis sinistrum 
(Best et al., 2022).

Ossa cordis are often classified as heterotopic (abnormal 
growth of bone in the nonskeletal tissues) or ectopic bones (os-
sification of tissues outside their usual origins) (Nasoori, 
2020). Although frequently described as heterotopic or ectop-
ic, Ossa cordis are present in several cattle breeds and water 
buffalo, within healthy and diseased hearts. They are also 
common in other species of the Bovidae family, within the or-
der Artiodactyla including sheep, goats, and antelope. The 
closely related Cervidae, Giraffidae, and Camelidae families, 
within the Artiodactyla order also contain species with Ossa 
cordis (Best et al., 2022). The presence of ossification within 
the diseased heart has also been recorded in people (Kuzela 
et al., 1977; Steiner et al., 2007), in dogs (James & Drake, 
1968), and in some chimpanzees (Moittie et al., 2020). 
Therefore, although present in healthy hearts of some species, 
and diseased hearts in others, it is perhaps the limited number 
of species in which the Ossa cordis is present that makes this 
bone heterotopic or ectopic.

Many techniques have been used to investigate Ossa cordis 
over the years, with most publications using histological sec-
tions, X-rays, and computed tomography (CT) such as in the 
buffalo, lamb, and one-humped camel (Daghash & Farghali, 
2017; Maguigad & Balagan, 2021; de Almeida Lima 
Massari et al., 2022; El-Gendy et al., 2023). Only one publica-
tion has used microtomography (microCT) to investigate the 
microstructure of Ossa cordis, and that was in chimpanzees 
(Moittie et al., 2020). Energy-dispersive X-ray analysis 
(EDX), an X-ray technique used to identify the elemental com-
position of materials, has not previously been used to analyze 
Ossa cordis in any species. Scanning electron microscopy 
(SEM) and high-resolution X-ray microCT have been used 
generally to evaluate bone architecture and details of the tra-
becular (cancellous) surfaces and cortical (compact) bone 
morphology in animals and people (Chappard et al., 2011; 
Kytyr et al., 2012; Witkowska et al., 2014; Keane et al., 
2017), but to date, microCT has only been used to investigate 
chimpanzee Ossa cordis (Moittie et al., 2020) and SEM has 
not been used in any species. It has been noted that the 

biomechanical behavior of trabecular bone depends not only 
on its microarchitecture but also on mineral density distribu-
tion (Bouxsein et al., 2010), hence why using this technique 
would give better insight into Ossa cordis. Despite these ad-
vances in technology and knowledge regarding bone in gen-
eral, the Ossa cordis of cattle, or most other species with 
these bones, have not been investigated using these methods.

In the present research, two key cattle breeds were investi-
gated. The Egyptian Baladi cattle represents one of the few ori-
ginal taurine breeds remaining in the original domestication 
area of Bos taurus, the Nile Valley (Upper Egypt). Apart 
from its evolutionary relevance, the breed is well adapted 
and integrated into the traditional family farming systems, 
with great potential for local sustainable rural development 
as a meat, draft, and dairy breed. The second breed investi-
gated was the Holstein-Friesian, a European breed originating 
from the Netherlands, an essential dairy breed with the largest 
number of individuals of any breed, spread throughout 165 
countries (United Nations, 2023). Cattle are ungulates in the 
Artiodactyla order, a member of the Bovidae family, in the 
subfamily Bovinae, and the genus Bos primigenius refers to 
all cattle. Cattle are thought to have become domesticated dur-
ing the early Neolithic era (Lenstra et al., 1999; Daetwyler 
et al., 2014; Zhang et al., 2020; Rutland, 2021). Following do-
mestication of the Bovini species (taurine cattle, zebu, yak, riv-
er buffalo, and swamp buffalo) in the early Holocene (ca. 
10,000 BCE), they have played a number of significant roles 
in the development of human civilization and remain key eco-
nomic factors throughout the world, especially in terms of 
food security (Molina-Flores et al., 2020).

Given the lack of knowledge relating to Ossa cordis in gen-
eral, and the presence of this structure in cattle, the aims of our 
investigations were to explore the macro and microstructures 
of Ossa cordis in domesticated cattle. Gross morphology and 
measurements were taken, and CT, microCT, histological 
staining alongside light microscopy, SEM, and SEM-EDX 
were used to describe the anatomical location, prevalence, 
gross and microscopic structure, and element composition of 
the Ossa cordis and associated cartilaginous tissue.

Materials and Methods
Specimens and Ethics
Two breeds of cattle were used. All were adult (2–3 years), 
healthy animals, five male Egyptian Baladi cattle, and seven 
Holstein-Friesian. None had a history of clinical cardiac ab-
normalities; they were slaughtered by a professional veterin-
ary surgeon and were not slaughtered for research purposes. 
This research was approved by the Animal Welfare and 
Ethics Committees, in the Faculty of Veterinary Medicine, 
Alexandria University (No. 02/13/2023/02/01/212), and the 
University of Nottingham, School of Veterinary Medicine 
and Science Ethics Committee (No. 1843 160905), in accord-
ance with institutional, national, and international guidelines. 
The hearts were dissected out at the slaughterhouse, placed on 
ice, and immediately transferred to the laboratory. The fresh 
hearts were examined and imaged within 2 h of death in order 
to reduce any potential postmortem variations. Immediately 
following CT imaging, the specimens were processed for hist-
ology. The bones used for microCT analysis and gross mor-
phological imaging were dissected from the soft tissue and 
then scanned.
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Gross Analysis and X-ray microCT
Following bone extraction, the Ossa cordis dextrum and 
sinistrum underwent basic gross morphology photography 
and precision caliper measurements (length, depth, and 
breadth) to a two-decimal place level. Each Ossa cordis was 
then secured in thin sheets of X-ray transparent polyethylene 
packing foam within plastic specimen jars. A Phoenix v|tome| 
x m (Waygate Technologies GmbH, Wunstorf, Germany), 
X-ray microCT system was used set at an X-ray tube energy 
and current of 115 kV and 220 µA, respectively. Scans were 
made at a resolution of 60 µm. Each scan acquired 2,400 pro-
jection images over a 360° rotation of the sample using a de-
tector exposure time of 500 ms in “FAST scan mode” (i.e., 
continuous rotation and no projection image integration). 
Projection image data were reconstructed in datos|x software 
(Waygate Technologies, Wunstorf, Germany) and exported 
as a three-dimensional (3D) volume file. Higher-resolution 
scans were conducted on dissected regions at 24 µm to reveal 
the microstructure of the dense objects. High-resolution scans 
were acquired at 82 kV, 250 µA, 400 ms detector timing, and 
2,400 projection images with each image being the integration 
of two images to reduce noise. X-ray CT image data were vi-
sualized using VGStudioMAX v3.0 Software (Volume 
Graphics GmbH, Heidelberg, Germany). The high-density ob-
jects were digitally segmented from the 3D volumetric data 
based on their higher X-ray attenuation values in the images 
(brighter color) and exported as image stacks. microCT 
was conducted at The Hounsfield Facility, University of 
Nottingham.

CT (3D Render Volume CT; 128-Slice Multidetector 
CT Scanning)
Five hearts were positioned on their right-side surfaces for 
each scan. The hearts were secured in a foam material to avoid 
any movement that would interfere with image quality. The 
CT X-ray examinations were performed on an AMDCT scan-
ner with 128 detectors (Aquilion; Toshiba Medical Systems, 
Tokyo, Japan), with a rotation time of 300 ms, and a slice col-
limation of 128 _ 0.6 mm2, using a continuous helical scan 
MinDose technique. After obtaining a preliminary image to 
determine the 3D-CTA scan range, serial cross section scans 
from the apex to the base of each heart were conducted using 
a slide thickness of 1 mm with 1.3 mm intervals, with the fol-
lowing soft window settings: 240 mA, 130 kV, width.342, 
and length.52, and the sections did not overlap but several 
scans were undertaken. To obtain sagittal sections using the 
soft tissue window, the scans were conducted at the level of 
the interventricular septum and about 20 scans were made 
at 1.8 mm intervals at a thickness of 8 mm, with setting set 
at 240 mA, 130 kV, width.342, and length.52. The CT image 
reconstruction was undertaken using the optimal reconstruc-
tion parameters for hearts. Initially, a set of cross-sectional 
tomography slices were constructed individually; then, the im-
ages were stacked together sequentially to obtain a 3D image 
model of each heart. The reconstruction algorithm was used 
within the Octopus software and then converted into a 
DICOM format producing three reconstruction images: ghost 
(black and white) render, color render (red in color), and 
an angiograph, which was translucent blue in color 
(Dankowski et al., 2014). The CT images were analyzed using 
the ImageJ 1.53 k application (National Institutes of Health, 
USA) to measure the Ossa cordis using the previously 

described method (Witkowska et al., 2014; Moittie et al., 
2020; El-Gendy et al., 2023).

Scanning Electron Microscopy
The samples of cross sections containing Ossa cordis 
were fixed in a buffer solution containing 2% formaldehyde, 
1.25% glutaraldehyde, and 0.1 M sodium cacodylate at 
pH 7.2 at 4°C. After fixation, the samples were washed in 
0.1 M sodium cacodylate containing 5% sucrose, processed 
through tannic acid, and finally dehydrated in increasing 
grades of ethanol (15 min each in 50, 70, 80, 90, 95, and 
100% ethanol). The samples were then dried in carbon 
dioxide, attached to stubs with colloidal carbon, and coated 
with gold–palladium in a sputtering device. The specimens 
were imaged with a JEOL JSM-IT200 scanning electron 
microscope at 15 kV at the Electron Microscope Unit, 
Faculty of Science, Alexandria University according to 
methods described previously (Gebert & Preiss, 1998; 
El-Bakary et al., 2023).

SEM-EDX Measurements
EDX, an X-ray technique, is used to identify the elemental 
composition of materials. As n = 2 Ossa cordis dextrum 
trabecular bone and cartilaginous tissue surrounding the 
cortical bone were used, and counts were below 10,000, 
qualitative descriptions of the elements were applied. They 
were analyzed using a JEOL JSM-IT200 scanning electron 
microscope at 20 kV, using the integrated manufacturer’s 
software SMILE VIEW™ Lab. The sample distance from 
the detector was 10 mm, with a real time of 30.97 s and 
a dead time of 3.00%. The EDX spectrometer and 
software are based at the Science Faculty, Alexandria 
University, Egypt.

Histological Staining and Microscopy
The Ossa cordis dextrum and sinistrum from three hearts, as 
observed following CT scans, were processed for histological 
analysis. The 1 cm3 heart samples containing the Ossa cordis 
were manually dissected, fixed in 10% buffered neural 
formalin and decalcified. The samples were decalcified using 
10% ethylenediaminetetraacetic acid (EDTA) in 0.1 M 
Tris/HCl buffer, pH 7.4, for 6 days, with solution changes 
every 2 days (Abd-Elhafeez et al., 2021). Thereafter, the speci-
mens were dehydrated in ethanol, cleared in xylene, and then 
embedded in paraffin wax. Serial sections 5–7 μm thick were 
prepared using a Reichert Leica RM 2125 Microtome 
(Germany) and mounted on glass slides. The sections were 
stained with hematoxylin and eosin (H&E) using a previously 
published method (Gamble, 2008). Other sections were 
stained with either Crossman’s trichrome or Alcian blue pH 
2.5 with Van Gieson stain (Suvarna et al., 2018). Sections 
were also stained with Sirius Red (Junqueira et al., 1979), 
Red F3B Sirius 0.5 g (Sigma-Aldrich Cat No 36-554-08 
Direct Red 80) in 500 mL picric acid saturated aqueous 
solution for 1 h followed by two acidic acid washes 
(5 mL glacial acetic acid in 1 L of distilled water). These 
stained tissue sections were inspected using an Olympus 
CX31 microscope, and the images were recorded using a 
Canon digital camera.
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Results
Measurements, Location, Prevalence, and Shape 
of Ossa Cordis Using Gross Morphology, CT, and 
microCT
Gross morphological images and precision caliper measure-
ments (Fig. 1; Table 1) were used to assess the shapes and sizes 
of the Ossa cordis dextrum and sinistrum. In addition, 
microCT was used to show shape and internal morphology 
(Figs. 2–5). Three windows of 3D rendered volume were 
also used to detect Ossa cordis, black and white, color, and 
blue angiography without contrast media window (Fig. 6). 
These also showed the locations, sizes, and shapes of the 
Ossa cordis.

Measurements, Location, Prevalence, and Shape 
of Ossa Cordis Dextrum
CT and microCT showed that the Ossa cordis dextrum varied 
in shape from oval to mainly elongated quadrilateral or rect-
angular with a pointed caudoventral end and a rounded cra-
nial end. The CT sequential cross sections of the Ossa cordis 
dextrum confirmed they were varied in shape, with a short 
ovoid shape at the caudal end of the bone, continuing as a 
long avoid or rectangular shape in the middle part of the 
bone, while the cranial ends of the bones were generally a 
short rectangular shape (Figs. 1–3, 7–9; Supplementary 
Video 1). Ossa cordis dextrum were located on the right 
side of the heart at the upper part of the interventricular sep-
tum, land marker externally as the cranial end of the bone at 
the level of the caudal part of conus arteriosus and the caudal 
end of the bone was located at the corresponding upper part of 
the right interventricular subsinosal groove, about 1–1.5 cm 
under the coronary groove (Fig. 9).

On average, the Ossa cordis dextrum in the present study 
(n = 12) were 50.70 mm long, 20.91 mm wide at their widest 
part, and 5.05 mm wide at the thinnest part, 5.40 mm in depth 
at the thickest part, and 2.83 mm in depth at the thinnest part, 
with a prevalence of 100% in both Egyptian Baladi cattle and 

Holstein-Friesian cattle hearts. The full ranges, averages, and 
values for both Egyptian Baladi cattle and Holstein-Friesian 
cattle are exhibited in Table 1. The Egyptian Baladi Ossa cor-
dis dextrum were generally smaller than the Holstein-Friesian 
cattle (for all measurements and p values, please see Table 1). 
Cartilage linking the Ossa cordis dextrum and sinistrum was 
not observed using any of the methods used in this study.

Measurements, Location, Prevalence, and Shape 
of Ossa Cordis Sinistrum
As shown by CT and microCT, the Ossa cordis sinistrum also 
varied in shape from oval to mainly triangular as also con-
firmed in the sequential cross sections, microCT, and gross 
morphology photographs (Figs. 1, 4, 5, 8; Supplementary 
Video 2). The caudal end was generally wider, while the cra-
nial, narrow end was more pointed, but this was not the 
case for every Ossa cordis. The Ossa cordis sinistrum were lo-
cated under the beginning of the left coronary artery and in 
some specimens appeared to be adhered to the aortic wall 
(Fig. 3).

The Ossa cordis sinistrum were smaller than the Ossa cordis 
dextrum, with a prevalence of 80% in Egyptian Baladi cattle 
hearts and 57% in the Holstein-Friesian hearts. On average 
(n = 8), they measured 24.94 mm long, 12.75 mm in width 
at the widest part, 2.75 mm in width at the narrowest part, 
4.12 mm in depth at the thickest part, and 1.78 mm in depth 
at the thinnest part. The ranges and averages, for both the 
Egyptian Baladi cattle and Holstein-Friesian Ossa cordis, are 
presented in Table 1. The Egyptian Baladi Ossa cordis sinis-
trum were generally smaller than those observed in the 
Holstein-Friesian cattle (for all measurements and p values, 
please see Table 1). The Ossa cordis sinistrum were also small-
er than Ossa cordis dextrum in both breeds (Table 1).

microCT, SEM, and SEM-EDX Visualization 
of the Ossa Cordis
Both microCT and SEM detection of the Ossa cordis dextrum 
and sinistrum showed trabecular bone in the center of the 

Fig. 1. Gross anatomy. (a,b) Ossa cordis dextrum from the Holstein-Friesian and Egyptian Baladi cattle, respectively. (c,d) Ossa cordis sinistrum from the 
Holstein-Friesian and Egyptian Baladi cattle, respectively. Scale bars represent 1 cm.
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Ossa cordis, surrounded by cortical bone, which had intermit-
tent cartilage covering it (Figs. 2–5, 10; Supplementary Videos 
1, 2). There were irregular pores on the external surface of the 
cortical bone (Figs. 2–5, 10; Supplementary Videos 1, 2). SEM 
also showed that the irregularly shaped external surface of the 
cartilage was characterized by dome-shaped projections 
and elliptical pores. The trabecular bone had trabecular pro-
jections, which were flat and connected to each other and 
contained large circular large pores visible at higher magnifica-
tions (Fig. 10). The trabeculations also contained microridges 
in irregular directions, mineral decomposition at the boney 
plate, in addition to many pores from canaliculi. The trabecu-
lated bone also contained rounded balls of bone marrow be-
tween the trabecular plates (Fig. 10).

Microelemental pictures of the Ossa cordis specimens from 
the energy-dispersive X-ray spectra with an accelerating volt-
age (20 keV) were also recorded. Two areas were assessed, the 
trabecular bone within the Ossa cordis dextrum (Fig. 11) 
and the cartilaginous tissue surrounding the Ossa cordis dex-
trum (Fig. 12). The following elements were detected in Ossa 
cordis cartilaginous covering and in the trabeculations: car-
bon, oxygen, calcium, nitrogen, phosphorus, and sodium, 
whereas magnesium was only present in the trabeculations 
(Figs. 11, 12).

Histological Analysis

Histological Characterization Using H&E
The histological examinations showed that the larger Ossa 
cordis dextrum in each heart had hyaline cartilage, with chon-
drocytes, surrounding the cortical bone of the Ossa cordis 
dextrum and sinistrum. Sites displaying ossification of the car-
tilage were also observed (overview Fig. 13). Inside the cortical 
bone were bone trabeculations containing numerous astro-
cytes. Between trabeculations, bone marrow was present 
(Fig. 13).

The Ossa cordis dextrum comprised trabecular bone tissue, 
and the outer surface was covered by hyaline cartilage 
(Fig. 14a). Hyaline cartilage consisted of chondrocytes located 
inside a lacuna and surrounded by a cartilage matrix 
(Fig. 14b). Fibrocartilage connected the hyaline cartilage and 
the outer fibrous tissue (Fig. 14c). Intracartilaginous ossifica-
tion was recognized via bone deposition inside the cartilage la-
cuna (Fig. 14d). The formation of bone tissue also occurred at 
the surface of the hyaline cartilage. Osteocytes are embedded 
within the bone matrix and located inside a lacuna 
(Fig. 14e). Several types of bone cells were identified. 
Osteoclasts were multinucleated cells and had deep acidophil-
ic cytoplasm (Figs. 15a, 15c, 15d). Osteoblasts occurred on the 
surface of the bone trabeculae (Fig. 15b). Hematopoietic tissue 
was observed in the bone marrow (Fig. 15e).

Histological Characterization Using Sirius Red Stain
Sirius Red stain was used to identify the organization of fibril-
lar components of the Ossa cordis bone matrix, as well as the 
fibrous tissue connected to the Ossa cordis. The Ossa cordis 
dextrum comprised trabecular bone tissue surrounded by fi-
brous tissue. Interconnecting vascular spaces were separated 
between the Ossa cordis bony trabeculae and connected to 
the marrow cavity (Figs. 16a–16c). The trabecular bone tissue 
was lamellar bone, organized into osteonal patterning, with 
concentric bone lamellae surrounding a central (osteonic or 
Haversian) canal. Interstitial lamellae were located between T
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adjacent osteons (Figs. 16d, 16e). The Ossa cordis were sur-
rounded by the outer layer of the periosteum, which consisted 
of fibrovascular tissue. Sharpey’s fibers, also called perforating 
fibers, consisted of bundles of periosteal collagen fibers that 
connected the periosteum to the bone, traversing through 
the bone matrix (Fig. 16f). Adjacent osteons were oriented 
perpendicular to each other (Fig. 16g). The peripheral layers 
of bone were randomly organized, forming woven bone, while 
the deeper bone tissue was uniformly organized, forming la-
mellae bone (Fig. 16h).

Histological Characterization of Ossa Cordis Using 
Crossman’s Trichrome
Crossman’s trichrome stain was used to detect the organiza-
tion of fibrous components in the Ossa cordis dextrum and 
the surrounding fibrous elements. As observed with the other 
stains, the Ossa cordis comprised trabecular bone tissue sur-
rounded by fibrous tissue (Figs. 17a, 17b). This stain also 
confirmed that the bone trabeculae consisted of lamellar 
bone, organized into osteonal lamellae, and peripheral wo-
ven bone that had randomly organized bone fibrous 

Fig. 2. microCT scans of Ossa cordis dextrum. (a–f) Six Ossa cordis dextrum exhibiting the differing bone shapes observed in different individuals.

Fig. 3. microCT scans of the internal trabeculation of Ossa cordis dextrum. (a–d) Three different Ossa cordis dextrum indicating trabeculations (small 
white arrow) and bone marrow (gray arrow). (c,d) The same sample with sections extracted from the middle and cranial parts of the Ossa cordis.
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components. The marrow cavity contained hematopoietic 
tissue and adipocyte cells (Figs. 17c, 17d). The trabecular 
bone had deeply stained bone lamellae and lightly stained 
interstitial lamellae (Fig. 17e), and the Ossa cordis had a 
thick trabecular bony plate and intercommunicating vascular 
spaces (Fig. 17f).

Histological Characterization of Ossa Cordis Dextrum 
Using Alcian Blue Van Gieson
Alcian blue Van Gieson detected the orientation of fibrous 
elements within the Ossa cordis dextrum as well as 
carbohydrate-rich components. The Ossa cordis consisted of 

trabecular bone tissue located in the heart (Fig. 18a). The peri-
osteum appeared as a fibrovascular tissue covering the bone 
trabeculae (Fig. 18b). The marrow cavity contained hemato-
poietic tissue and fat cells (Figs. 18c, 18d), as observed using 
the other stains. Sharpey’s fibers (perforating fibers), consist-
ing of bundles of periosteal collagen fibers, penetrated the 
bone matrix and connected the periosteum and the bone. 
The outer (peripheral) layers of the trabecular bone were 
formed from woven bone, with irregularly organized collagen 
fibers. Fibrocartilage connected the bone tissue and the cardi-
omyocytes (Figs. 18e, 18f). The trabecular bone also had inter-
connecting vascular spaces around which osteoblasts had 
formed osteons. Interstitial lamellae were located between 

Fig. 4. microCT scans of the Ossa cordis sinistrum. (a) Ossa cordis sinistrum from four angles high resolution and (b) lower resolution of another Ossa 
cordis sinistrum.

Fig. 5. microCT scans of the internal trabeculation of Ossa cordis sinistrum. (a) XY axis and (b) ZY axis indicating trabeculations (small white arrow), bone 
marrow (gray arrow), and holes in the Ossa cordis sinistrum bone.
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adjacent osteons, and the interstitial lamellae were also associ-
ated with a carbohydrate-rich bone matrix. The periosteum 
covered the Ossa cordis and osteoblasts were visible covering 
the trabecular bone surfaces, while osteocytes were embedded 
inside lacunae within the bone (Figs. 19a, 19b, 19d, 19e, 19g). 
The Ossa cordis also had osteons in differing orientations, 
while other collagen lamellae were perpendicular to the colla-
gen lamellae of the adjacent osteon, and interstitial lamellae 
were associated with carbohydrate-rich bone matrix (Figs. 
19c, 19f).

Histological Characterization of the Ossa Cordis 
Sinistrum Using Crossman’s Trichrome, Alcian Blue Van 
Gieson, and Sirius Red
The Ossa cordis sinistrum (where present) were located in the 
initial portion of the ascending aorta. Their histological struc-
tures were very similar to those observed in the Ossa cordis 
dextrum (shown in detail in Figs. 13–19). They consisted of 
trabecular bone, covered externally by the periosteum, and 
surrounded by fibrous tissue (Figs. 20a, 20b, 20e). The tra-
becular bone contained typical osteons, structurally com-
prised concentrically organized bone lamellae surrounding 
vascular channels. The peripheral parts of the Ossa cordis 
sinistrum were woven bone, which disorganized fibrous com-
ponents (Figs. 20c, 20d, 20f, 20g). Sharpey’s perforating fibers 

extended from the periosteal collagen fibers and created a link 
between the periosteum and the bone (Fig. 20h).

Discussion
The Ossa cordis were located on the right side of the heart near 
the interventricular and interatrial septa, beneath, and extend-
ing into, the right atrioventricular ring. The Ossa cordis dex-
trum was just below the base of the aorta, and the caudal 
aspect of the bone extended toward the coronary sinus, while 
the Ossa cordis sinistrum inserted into the left atrioventricu-
lar. Our present study reflected previous findings (James, 
1965; Pour, 2004).

The prevalence of the Ossa cordis was also investigated 
in the present study. In cattle (B. taurus), it is known that 
each individual may have one or two Ossa cordis, with the 
dextrum reported in 100% of “beef,” Holstein and Iranian 
breed adults (James, 1965; Habermehl & Schmack, 1986; 
Pour, 2004). The present study also showed an Ossa cordis 
prevalence of 100% in both the Egyptian Baladi cattle and 
Holstein-Friesian cattle (Table 2). The Ossa cordis sinistrum 
was previously found in 37.5% of beef hearts (n = 3 from 8) 
(James, 1965) and 80% of Holstein breeds (n = 32 from 40) 
and 20% of native Iranian cattle (n = 8 from 40) (Pour, 
2004). The present study showed 80% in the Egyptian 
Baladi cattle breed and 57% in the Holsteins. The Ossa cordis 

Fig. 6. CT 3D rendered volume of the cattle heart showing the Ossa cordis dextrum and sinistrum. (a–c) Left view and (d–f) right view. (a,d) Ghost (black 
and white), (b,e) color render, and (c,f) blue angiography without contrast media. 1. Pericardium cavity, 2. Cranial border, 3. Caudal border, 4. Apex, 5. Left 
longitudinal interventricular groove (sulcus interventricularis paraconlais), 6. Right ventricle, 7. Left ventricle, 8. Interventricular septum, 9. Right 
ventricular cavity, 10. Left ventricular cavity, 11. Ventricular wall, 12. Conus arteriosus, 13. Right auricle, 14. Left auricle, 15. Aorta, 16. Right longitudinal 
interventricular (sulcus interventricularis subsinuosus), 17. Intermediate longitudinal groove, 18. Ossa cordis dextrum, and 19. Ossa cordis sinistrum.
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sinistrum is therefore more variable possibly in differing 
breeds but also possibly in differing ages; it is worth noting 
that not all of the previous studies mentioned specific breeds 
or ages, and therefore, it is difficult to draw conclusions, but 
it may be worth future studies stating these factors.

Ossa cordis morphology and structures were also investi-
gated via gross anatomical investigations including measure-
ments, microCT, and electron microscopy. The shapes of 
each Ossa cordis (both dextrum and sinistrum), in both the 
previously published literature (Barasa & Gobetto, 1957; 
James, 1965; Pour, 2004) and within the present study dif-
fered significantly between individual animals. Figures 1 to 5
show the breadth of shape, generally though the caudal end 
was wider, and the cranial end was narrower, but this was 
not the case for every Ossa cordis. The literature has shown 

that shape also varies between species, with some, such as 
the chimpanzee expressing a more oval-shaped Ossa cordis, 
elongated in sheep and goats (Mohammadpour, 2007), very 
irregular shapes in the otter (Egerbacher et al., 2000), and 
very frequently the shape was not discussed or shown; how-
ever, the present paper was able to show shape given the gross 
anatomical dissections and microCT undertaken.

Ossa cordis measurements also vary greatly between spe-
cies; the largest published length was in an elephant at 
80 mm (Endo et al., 2005), followed by the buffalo (dextrum) 
at 55 mm (David, 1937), cattle (dextrum) at 51 mm (James, 
1965), to the smallest reported Ossa cordis in chimpanzees 
averaging 6.1 mm and otters ranging from 1.5 to 5 mm 
(Egerbacher et al., 2000; Moittie et al., 2020; Best et al., 
2022). Previous cattle publications (summarized alongside 

Fig. 7. Transverse soft tissue window CT scans at the proximal parts of the ventricular mass of a heart containing Ossa cordis dextrum. 1. Right 
ventricular wall, 2. Left ventricular wall, 3. Interventricular septum, 4. Left ventricular cavity, 5. Right ventricular cavity, 6. Septal wall near to the right 
interventricular orifice, 7. Right longitudinal interventricular (sulcus interventricularis subsinuosus), 8. Left longitudinal interventricular groove (sulcus 
interventricularis paraconlais), 9. Conus arteriosus, 10. Tricuspid valve, 11. Bicuspid valve, 12. Aorta, 13. Cranial cross section of Ossa cordis dextrum 
(note its small oval shape), 14. Middle cross section of Ossa cordis dextrum (oval to rectangular shape), and 15. Caudal cross section of Ossa cordis 
dextrum (oval through to circular shape).
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our present results in Table 2) have only reported on the length 
and width of the Ossa cordis, which has ranged from 40.85 to 
51.00 mm long (average calculated across studies 40.92 mm) 
and 4.00–7.49 mm at the least wide part to 8.40–18.36 mm 
at the widest part of the Ossa cordis dextrum (James, 1965; 
Pour, 2004; Best et al., 2022). In the Ossa cordis sinistrum, 
the published lengths in cattle have ranged between 17.35 
and 19.95 mm (average 18.43 mm), with a width of 7.28– 
11.60 mm (average 9.54 mm) (James, 1965; Pour, 2004). It 
is important to note that the previous studies did not always 
state whether these were the widths at the greatest, the least, 
or an average of several widths, importantly given the 

variation of widths observed across the bones. The present 
study measured the greatest length, and for width and depth 
measured the thinnest and thickest parts of each bone. It is 
also worth noting that the Egyptian Baladi Ossa cordis dex-
trum and sinistrum in the present study were smaller than 
the Holstein-Friesian Ossa cordis; therefore, it is likely that 
breed, or breed size, may also impact Ossa cordis size. The 
Holstein-Friesian steer presently weighs 545–635 kg on aver-
age, whereas the Egyptian Baladi is lighter at around 350– 
400 kg (Morsy et al., 1984; Boersema et al., 2010). It is also 
essential to note that the previous studies were many decades 
ago and cattle size in general has changed over time, and also, 
breeds, ages, and sexes were also not always mentioned or dif-
ferentiated in the previously published works. The Egyptian 
Baladi cattle in the present study showed similar Ossa cordis 
dextrum and sinistrum measurements to the previous studies, 
whereas the Holstein-Friesian were generally larger, but it is 
important to note the caveats when comparing directly be-
tween the differing sets of measurements previously published. 
A final point regarding Ossa cordis size was that dextrum was 
larger in both of our cattle breeds than the sinistrum, in line 
with previous observations in other cattle and in other species 
(James, 1965; Pour, 2004; Best et al., 2022).

Cartilaginous material was present within this study, and 
this is the first time the elemental composition has been shown 
for Ossa cordis and the surface cartilage in any species; how-
ever, further studies are required to understand the exact com-
position of these tissues. The cartilaginous tissue, both within 
and surrounding the Ossa cordis dextrum and sinistrum, is 
notably variable in relation to identification or presence in pre-
vious publications. One previous study suggested that the two 
Ossa cordis were always connected by cartilage (James, 1965); 

Fig. 8. Transverse soft tissue window computed tomography scans within the base of the heart displaying the Ossa cordis sinistrum. (a–h) Scans taken at 
different points throughout the heart. 1. Aortic orifice (valve), 2. Pulmonary trunk valve, 3. Right atrioventricular orifice, 4. Left atrioventricular opening, 
5. Left trigone, 6. Right trigone, 7. Right auricle, 8. Left auricle, 9. Caudal vena cava, 10. Cranial vena cava, 11. Pulmonary veins, 12. Ossa cordis sinistrum, 
and 13. Aortic wall.

Fig. 9. Transverse cross section at the base of the heart displaying the 
Ossa cordis dextrum. (a) Dorsal view and (b) Ventral view. 1. Aortic orifice 
(valve), 2. Pulmonary trunk valve, 3. Right atrioventricular orifice, 4. Left 
atrioventricular opening, 5. Left trigone, 6. Ossa cordis dextrum, 7. 
Interventricular septum, 8. Right ventricular wall, 9. Left ventricular wall, 
10. Left longitudinal interventricular groove (sulcus interventricularis 
paraconlais), and 11. Right longitudinal interventricular (sulcus 
interventricularis subsinuosus).
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however, in a more recent study, no cartilaginous connection 
was reported (Pour, 2004). A cartilaginous connection be-
tween the Ossa cordis dextrum and sinistrum (where both 
were observed) was not observed in this study; the bones 

were covered in cartilage, but myocardium was observed 
around each structure with no interconnecting cartilage. It is 
possible that cartilage may or may not develop at different 
stages, such as when the sinistrum, for example, is developing, 

Fig. 10. Scanning electron microscope cross section of cattle Ossa cordis dextrum. (a) Cross section through Ossa cordis and cartilage layer and (b) 
Cartilage surrounding the Ossa cordis. (c–f) Inner structures of Ossa cordis. Bm, bone marrow space/medullary cavity; C, canaliculi pore; Cb, cortical bone; 
Cc, cartilage covering the Ossa cordis; Cp, circular large pores on the flat trabecular bone; Dp, dome-shaped projections of cartilage; Ep, elliptical shaped 
pores; Ip, irregular pores in the cortical bone on the external surface; Is, irregular external surface of the cartilage surrounding the Ossa cordis; Mr, 
Micro-ridges—forming in irregular/nonuniform directions; Tb, trabecular bone—flat and wide shaped.
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or indeed if both bones are relatively near to each other, but at 
the time point looked at in each individual, this was not ob-
served. It has been hypothesized that the formation of Ossa 
cordis occurs via endochondral ossification rather than intra-
membranous ossification (Moittie et al., 2020; Best et al., 
2022). We did not observe a Cartilago cordis (instead of an ab-
sent Ossa cordis sinistrum), which could have indicated poten-
tial Ossa cordis developmental processes if present, but 
cartilage was present in/surrounding each Ossa cordis dex-
trum and sinistrum. In buffaloes, it was noted that in a young 
animals (less than 30 days), cartilage was present but no Ossa 
cordis, whereas adults had an Ossa cordis in the same 

anatomical location (Daghash & Farghali, 2017). The previ-
ously published literature does not always mention cartilage 
in association with Ossa cordis; however, the present research 
confirms that it is present in cattle; this alone cannot verify en-
dochondral ossification, but it further supports the theory.

Histologically, the Ossa cordis dextrum and sinistrum 
bones were structurally similar to other types of trabecular 
(also known as cancellous or spongy) bone observed elsewhere 
in the body. The lamellae and osteons were present inside the 
trabeculae and a periosteum created an exterior layer of fibro-
vascular tissue encapsulating the osseous tissue. The perios-
teum was connected to the bone through penetrating fibers 

Fig. 11. SEM-EDX investigation of the Ossa cordis dextrum trabeculations. SEM-EDX image, graphical representation, and table of elements and their 
masses. The expressed elements were oxygen, carbon, calcium, nitrogen, phosphorus, sodium, and magnesium.
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(likely Sharpey’s fibers), bundles of periosteal collagen fibers. 
Certain fiber-detecting stains, such as Van Gieson and Sirius 
Red, have a mild staining affinity for interstitial lamellae, 
and this was observed in our histological examinations. 
Deterioration of the interstitial lamellae fibrous components 
may be the cause of this mild staining in comparison with 
the more intense staining observed elsewhere. Bone tissue is 
often shed and replaced by new bone lamellae, and interstitial 

lamellae are often remnants of previous Haversian systems in-
cluding the circumferential lamellae (Standring, 2016). As 
interstitial lamellae were observed between osteons in the pre-
sent study, active growth and/or remodeling may be present 
within the Ossa cordis. In addition, we discovered a matrix 
rich in carbohydrates that was linked to the interstitial lamel-
lae. Large numbers of glycosaminoglycans are generally found 
in the extracellular matrix. Rühland et al. (2007) found that 

Fig. 12. SEM-EDX investigation of the Ossa cordis dextrum cartilaginous surface. SEM-EDX image, graphical representation, and table of elements and 
their masses. The expressed elements were carbon, oxygen, nitrogen, calcium, phosphorus, and sodium.
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glycosaminoglycans are involved in the process of collagen fi-
brillogenesis. In addition, glycosaminoglycans, such as decor-
in and biglycan, are crucial components in the formation of 

Type I collagen in bone tissue (Svensson et al., 1995); there-
fore, it was noteworthy to see these features in both the 
Ossa cordis dextrum and sinistrum. Another interesting 

Fig. 14. Histological characterization of Ossa cordis dextrum using H&E. (a,b) The Ossa cordis dextrum consisted of trabecular bone tissue. Hyaline 
cartilage covered the surface of the bones. Hyaline cartilage (h) and the outer fibrous tissue were joined by fibrocartilage (f). (c–e): Chondrocytes (double 
arrowheads) were found in the hyaline cartilage (h) and were surrounded by cartilage matrix. Intracartilaginous ossification (arrow) was observed adjacent 
to bone growth, which was located inside the cartilage gap following chondrocyte death. Growth of bone tissue (arrow) was seen adjacent to the hyaline 
cartilage in e. Note that osteoclasts (double arrows) had many nuclei and an acidophilic cytoplasm. (f) Take note of the osteocytes (arrowheads) and 
chondrocytes (double arrowheads).

Fig. 13. Overview of Ossa cordis dextrum histology using H&E staining. Note the chondrocytes surrounding the cortical bone and trabeculations. Bm, 
bone marrow space/medullary cavity; Ch, chondrocytes; My, myocardium; Os, osteocytes; Tb, trabeculation.
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Fig. 15. Cellular characterization within Ossa cordis dextrum using H&E. (a) The Ossa cordis dextrum consisted of trabecular bone tissue (b), with hyaline 
cartilage (h) and osteoclasts (double arrows). (b) Osteoblasts (arrows) were present on the surface of bone trabeculae (b). (c) Osteoclasts (double arrows) 
were present within the Howship’s lacunae and osteoprogenitor cells were present in the periosteum. (d) Osteoclasts (double arrows) were also 
observed in the bone marrow space. (e) Hematopoietic filled the holes within the bone marrow located between the trabeculae bone (b).

Fig. 16. Histological characterization of Ossa cordis dextrum using Sirius Red stain. (a–c) The Ossa cordis dextrum consisted of trabecular bone tissue (b) 
with fibrous tissue (f) surrounding it and bone marrow (m). (d,e) The trabecular bone tissue showed lamellar bone with osteon structures. Note that the 
osteons labeled 1 and 2 consisted of bone lamellae and arranged in concentric circles surrounding an osteonic cavity. There were interstitial lamellae 
(asterisks) between osteons that are next to each other. (f) The top layer of the collagen fiber periosteum covered the Ossa cordis. Sharpey’s fibers, which 
are made up of bundles of periosteal collagen fibers, connected the periosteum to the bone by going through the bone matrix. (g) Two osteons were 
adjacent to each other but not parallel to each other. (h) The outer layers of bone contained randomly arranged woven bone (w), while the inner layers had 
more mature, regularly arranged lamellar bone (L).
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bone structure observation in the present study was that neigh-
boring osteons were generally perpendicular to one another, 
although not in all cases. As a result, the bone may be able 
to withstand endurance forces in a more tensile form. In add-
ition to more mature lamellar bone, woven bone was also pre-
sent in the Ossa cordis. Newly produced bone has a 
characteristic known as woven (or fibrous) bone, which con-
tains haphazard collagen fiber arrangements. This new bone 

growth may be linked to osteoblasts in the periosteum as 
these cells can produce new bone. In general (Moreira et al., 
2000), lamellar bone eventually replaces woven bone, 
the more transient form, following bone maturation and/or 
repair. Renewal of the bone tissue within the Ossa cordis 
dextrum and sinistrum is thus indicated by the presence of 
low fibrous components of the interstitial lamellae, a matrix 
rich in carbohydrates, and the creation of new bone tissue.

Fig. 17. Histological characterization of Ossa cordis dextrum using Crossman’s trichrome. (a,b) The Ossa cordis dextrum consisted of trabecular bone (b) 
with fibrous tissue (f) around it and bone marrow (m). (c) The bone trabeculae contained both lamellar bone (L) and peripheral woven bone (W). 
Hematopoietic tissue (h) and adipocytes (fat) were present in the marrow cavity. (d) The osteons present in the trabecular bone also differentiated it from 
the woven bone (W). (e) The trabecular bone had bone lamellae that were strongly stained and interstitial lamellae that were lightly stained (asterisk). (f) 
The Ossa cordis had a thick trabecular bone wall and vascular spaces that connected to each other. (g,h) Fibrocartilage connected the Ossa cordis to the 
fibrous tissue (f) around it.

Fig. 18. Histological characterization of Ossa cordis dextrum using Alcian blue Van Gieson. (a,b) The trabecular bone (b) of the Ossa cordis contained 
cardiomyocytes (c), bone marrow spaces (m), and a vascularized soft tissue—the periosteum (p). (c,d) Hematopoietic tissue (h) and adipocytes [fat cells 
(f)] were present inside the bone marrow cavity. Sharpey’s fibers, also known as perforating fibers, which are periosteal collagen fibers, went through the 
bone matrix and connected the periosteum to the bone. (e,f) The upper layers of trabecular bone consisted of woven bone, with disorganized collagen 
fibers. Fibrocartilage linked the cardiomyocytes (c) to the bone tissue.
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Fig. 19. Histological characterization of Ossa cordis dextrum using Alcian blue Van Gieson. (a) The trabecular bone tissue (b) surrounding the marrow 
space (m) was clearly visible using the Alcian blue Van Gieson stain. b–h: The trabecular bone (b) had venous spaces that connected to each other, and 
osteoblasts were present around these spaces with osteon structures present. There were interstitial lamellae (asterisks) between osteons that were 
next to each other, and notably the interstitial lamellae were associated to bone material that was high in carbohydrates (intense staining). The interstitial 
lamellae were connected to the bone matrix, which was high in carbohydrates (arrows). The collagen fibers in woven bone (w) were arranged in a random 
way. The periosteum (p) covered the Ossa cordis, and the trabecular bone surface was covered with osteoblasts (double arrowheads) and osteocytes 
(arrowheads) were visualized within lacunae. In cases (c) and (d), the osteons within the Ossa cordis bone tissues were oriented in different directions to 
each other, and the collagen lamellae were not parallel to the collagen lamellae of the neighboring osteon.

Fig. 20. Histological characterization of Ossa cordis sinistrum using Crossman’s trichrome (a–d), Alcian blue Van Gieson (e–g), and Sirius Red (h). (a,b,e) 
The Ossa cordis sinistrum (where present) were located in the initial portion of the ascending aorta. They consisted of trabecular bone covered externally 
by a periosteum and were surrounded by fibrous tissue. (c,d,f,g) The Ossa cordis sinistrum trabecular bone had typical morphology osteons (o) with 
concentric organization of bone lamellae surrounding vascular channels (v). The peripheral parts of the bone tissue consisted of woven bone (w), which 
was distinguished from the lamellar bone due to the disorganized structure of the fibrous components. (h) Sharpey’s perforating fibers (fibers) extended 
form the periosteal collagen fibers and linked the periosteum and the bone.
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Conclusions
This research has shown the macro and microscopic features 
of both the Egyptian Baladi cattle and Holstein-Friesians us-
ing scanning electron microscopy, X-ray microtomography, 
gross dissections and measurements, histology staining and 
microscopy, and energy dispersive X-ray analysis. This is 
the first investigation to show bone maturation or renewal 
in Ossa cordis, which highlights the potential for bone 
growth within these heterotopic bones. This research also ex-
hibited the detailed gross and microscopic structures and 
components of the Ossa cordis and associated cartilaginous 
tissue, including trabecular bone, lamellae and osteons, a 
periosteum, collagen fibres, and glycosaminoglycans and car-
bohydrates. Cartilage was observed both within, and sur-
rounding, the Ossa cordis and the elemental compsoition 
of the bone and cartilage was detected using dispersive X- 
ray analysis.
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Applications, Halefoğlu AM (Eds.), pp. 271–289. England: 
InTechOpen.

Kuzela DC, Huffer WE, Conger JD, Winter SD & Hammond WS 
(1977). Soft tissue calcification in chronic dialysis patients. Am J 
Pathol 86(2), 403–424.

Kytyr D, Petranova V & Jirousek O (2012). Assessment of microme-
chanical properties of trabecular bone using quantitative backscat-
tered electron microscopy. In 13th Bilateral Czech/German 
Symposium, pp. 119–122. Teľc, Germany
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