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ABSTRACT
Introduction: cardiovascular disease is one of the main causes of morbidity and mortality worldwide. Important knowledge 
about the cardiovascular system was acquired through the use of experimental research and requires choosing a suitable 
model. The similarities in anatomy and physiology between pigs and humans, swine have emerged as a model for preclinical 
protocols. The septomarginal trabecula (ST) is an extremely important fibromuscular structure located in the right ventricle 
of most species. Variations in the ST anatomical and histological structures has a significant cardiac physiology and clinical 
importance. The purpose of this study was to perform morphometry and stereology analyzes of the ST in right ventricles of 
pig’s hearts.
Material and Methods: fourteen pig hearts were analyzed macroscopically to obtain an anatomical description and length and 
thickness measurements. For histological and stereological analysis were also performed. 
Results: the swine hearts presented the ST as a tubular fibromuscular band with significant variation in length and diameter. 
Variations were also observed in the number of fixations (single, bifurcated, quadrifurcated). The volume density of the tissues 
present in the ST showed the predominance of cardiac muscle tissue followed by connective tissue. The stereological analyzes 
showed also significant differences in the amount of cardiac muscle and connective tissue in thin and thick structures. 
Conductive fibers were surrounded by the connective tissue and, were more peripherally located in the thick ST compared to 
the thin ST.
Conclusion: in pig hearts, morphological and histological variations found in ST suggest possible correlations with changes in 
cardiac physiology.
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Introduction
Cardiovascular disease is one of the main causes of 

morbidity and mortality worldwide. Normal anatomical 
and histological features should be known for the 
diagnosis and development of medical treatments for 
cardiovascular anomalies. Important knowledge about 
the cardiovascular system was acquired through the 
use of experimental research. However, extrapolating 
data from animals to humans requires choosing an 
experimental model with similar morphology and 
physiology. The similarities in size, coronary anatomy, 
and physiology between pigs and humans, swine have 
emerged as a model for preclinical protocols1-5.

Meantime, detailed information on interindividual 
and interspecies variations related to cardiac anatomy 
and histology of the various structures is still lacking, 
both in humans and in the most common large 
mammalian animal models, and these variations may 
interfere with cardiovascular function6-8.

The septomarginal trabecula (ST), also known 
as moderator band, is an extremely important 
fibromuscular structure which connects the 
interventricular septum and the right ventricular 
anterior wall, or at the base of the anterior papillary, 

of most species including humans, dogs, pigs, bovines, 
goats, sheep and equines. Its function is to prevent 
distension of the right ventricle and to transmit the 
right branch of the atrioventricular bundle to the right 
ventricle. Furthermore, the ST has an important role 
in the contraction and relaxation of the ventricles8-22.

Several anatomical studies reported that an 
anomalous ST has important clinical repercussions 
involving the right ventricle and atrial and ventricular 
septum. Thus, some probable pathologies occurring 
within the band, most often of ischaemic aetiology, 
can constitute an important aetiology of conduction 
disturbances of the heart23.

In addition to presenting differences in origin and 
insertion, the number of insertions and shapes of the 
ST can differ between species. Although structural 
composition of the ST structure has a significant 
cardiac physiology and clinical importance, few papers 
precisely describe its histological composition24. 
Although some publications present the ST histological 
characterization, there is no detailed analysis of the 
quantification and distribution of the tissues which 
constitute the ST. 

Considering the importance of using animals 
as a model in studies and in the development of 
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techniques with applications in the clinical practice 
and heart surgery in humans, a more detailed macro 
and microanatomic knowledge of the heart of these 
animals is necessary, mainly regarding the cardiac 
muscle and conductive fibers of the ST, which would 
be involved in electrophysiological processes of the 
hearts. Thus, the purpose of this study was to perform 
morphometry and stereology analyzes of the ST in 
right ventricles of pig’s hearts.

Material and Methods
A total of fourteen pig hearts were assessed. 

The experimental protocol followed the ethical 
principles adopted by the Brazilian College of Animal 
Experimentation and was approved by the local 
Institutional Ethics Committee (CEUA/UNIFESP – 
Protocol number 8942220816). 

Each piece was numbered and photographed. An 
incision was performed in the inferior border of the 
right auricle, at the base of the pulmonary trunk origin, 
along the right margin of the heart to the apex of the 
right ventricle, avoiding to cut the ST in its marginal 
fixation. Each ST was macroscopically examined for 
anatomical description of its form and fixations on the 
right margin and the interventricular septum; then, 
length and diameter were carefully measured with a 
Mitutoyo® digital caliper (150 mm Absolute Digimatic 
model).

The ST were then classified for diameter and length 
according to the values of the interquartile intervals 
obtained, respectively, as follows: ≤ IQ1 mm = Thin / 
short; between IQ1 and IQ3 = Medium / median; ≥ IQ3 
mm = Thick / long.

Fragments from the middle third of each ST were 
collected and fixed by immersion in Bouin’s liquid for 
24 hours and prepared for Paraplast Plus-embedded 
(P-3683, Sigma Chemical Co., St. Louis, MO). Five 
micrometers thick cross sections were obtained and 
stained with Masson Trichrome and submitted to 
the Periodic Acid-Schiff histochemical method with 
Harris’s Hematoxylin counterstaining (PAS+H). 

The ST transversal sections were analyzed using a 
light microscope attached to the Leica Qwin-V3 (Leica, 

Cambridge, UK) image analysis system ×20 objective 
lens. The histological composition and proportions 
of connective and muscle tissues and the conduction 
myofibrils were observed by descriptive analysis.  

 Analyses of volume density (Vv) of the connective 
tissue, cardiac muscle fibers, vascular tissues and 
conduction myofibrils were performed using the Leica 
QWin image analysis system. Twenty-two fields were 
systematically and randomly sampled, and the images 
were captured using a digital camera connected to 
a light microscope. The Principle of Delesse states 
that the planimetric fraction of a section occupied 
by sections of a given component corresponds to 
the fraction of the tissue volume occupied by this 
component25. For that reason, according to the basic 
law of stereology, the density of area of the profiles 
(AA), which measures the relative occupation of test-
area for the area of the images of the structure under 
evaluation, is comparable to the Vv, i.e, the density of 
profiles in relation to the space. Consequently, Vv and 
AA have similar interpretations25-27. Thus, from captured 
images of the connective tissue, cardiac muscle fibers, 
vascular tissues and conduction myofibrils, the areas 
were delineated. Each specific Vv was respectively 
obtained by the ratio of the delineated area to the total 
area of the ST tissue analyzed28. 

The data was subjected to the non-parametric 
Wilcoxon test for one sample, using GraphPad Instat® 
software. The Kruskal-Wallis test, followed by the 
Dunn’s test, was used to compare Vv of the tissue 
components of the ST different diameters. The 
differences were considered statistically significant 
when p ≤ 0.05.

Results
The swine hearts evaluated presented the ST as 

a tubular fibromuscular band with variable length 
and diameter; these differences were statistically 
significant (Table 1). The ST classified as thin showed 
long or medium lengths, but none was considered 
short; ST with medium diameter usually had medium 
lengths. However, all the ST with thick diameter 
presented short lengths (Table 2).

Length (mm) Diameter (mm)
Median (IQ1-IQ3) 21.26 (16.36-32.53)a 3.56 (2.16-5.58)a

Minimum 15.36 1.02
Maximum 35.32 7.56

Table 1. Total length and diameter (in mm) of ST from pigs’ hearts.

ap ≤ 0.05; n=14.

Diameter (mm)
Length (mm)

≤ 16.36 mm from 16.37 mm to 32.52 mm ≥ 32.53 mm
TOTAL

Short Medium Long
≤ 2.16 mm Thin 0 3 3 6 (42.86%)
2.17 to 5.58mm Medium 1 5 0 6 (42.86%)
≥ 5.59 mm Thick 2 0 0 2 (14.28%)
TOTAL 3 (21.43%) 8 (57.14%) 3 (21.43%) 14 (100%)

Table 2. Correlation between length and diameter measurements of porcine ST.
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The septal insertion was in the interventricular 
septum (IV) and the marginal insertion in the right 
ventricular margin (RV) topography, at the base or near 
the papillary muscle. The trajectory performed by the 
structure between insertion points showed various 
patterns: rectilinear, curved and arcuate. Anatomical 
variations were also observed in the number of fixations. 
Although the majority of the samples presented a 
single ST (78,57%), two specimens presented a ST with 
two marginal fixations (bifurcated) and, in one sample, 
the ST had a septal fixation and four marginal fixations 
(quadrifurcated) (Figures 1a and 1b, respectively).

Histological analysis showed that the ST consisted 
of cardiac muscle fibers, connective tissue, vascular 
tissue and conduction myofibrils (Purkinje fibers). 
Differences in the distribution of ST muscle fibers and 
connective tissue were observed when comparing 
samples of smaller thickness, which presented 
connective tissue predominance and cardiac muscle 
tissue sparse (Figures 2a and 2b), and the largest 
thickness samples, which presented a predominance of 
cardiac muscle tissue (Figures 2c and 2d). Conductive 
fibers were surrounded by the connective tissue 
and, were more peripherally located in the thick ST 
compared to the thin ST (Figures 2b and 2d). 

Similarly, in ST with more than one marginal 
fixation, there were histological differences between 
the branches of the same trabeculae; thicker branches 
presented predominance of cardiac muscle, while 

the thinner branches were mainly constituted by 
connective tissue (Figure 3).

Figure 1. Illustrative diagram of the swine ST; a and b) bifurcated, with septal 
fixation (A) and two marginal fixations (B and C). Length 1 (A-B): 33.44 mm; length 
2: 18.20 mm. Diameter A: 1.91 mm; B: 1.36 mm; C: 0.82 mm. c and d) quadrifurcated, 
with septal fixation (A) and four marginal fixations (B, C, D and E). Length 1: 32.23 
mm; length 2: 16.25 mm; length 3: 13.01; length 4: 12.65. Diameter A: 5.51 mm; B: 
1.93 mm; C: 0.75 mm; D:2.19 mm; E: 5.51 mm.

Figure 2. a) Digital image of a thin ST (arrow). b) Photomicrograph of transversal 
section of the ST, showing a large amount of connective tissue (asterisks). c)  
Digital image of a thick ST (arrow). d) Photomicrograph of the cross-sectional 
ST demonstrating a wide distribution of cardiac muscle fibers (star) and a 
reduced amount of connective tissue (asterisks). Inset: In detail, the occurrence 
of peripherical Purkinje cells surrounded by connective tissue. V: blood vessel; 
Pk: Purkinje fibers. Paraplast. Masson trichrome. Bars: 450 µm (figure 2b), 160µm 
(figure 2d) and 64µm (inset figure 2d).

Figure 3. a) Digital image of a quadrifurcated ST. b) Photomicrograph of a cross-
sectioned part of the thick branch of the quadrifurcated swine heart ST (E branch 
indicated in figure 3a). Note the presence of cardiac muscle fibers (star), Purkinje 
fibers (Pk) peripherally arranged and surrounded by connective tissue (asterisk). 
V: blood vessel. c) Photomicrograph of a cross-sectioned part of the thin branch 
of the quadrifurcated ST (B branch indicated in figure 3a) showing a large 
proportion of connective tissue (asterisk) and Purkinje fibers (Pk), blood vessels 
(V) and scarce cardiac muscle tissue. d) Sectioned photomicrograph of the
thin branch of the ST (C branch indicated in figure 3a) showing vascularization 
branches (V), the presence of Purkinje cells (Pk) located between the collagen
fibers (asterisk) and cardiac muscle fibers (star). Paraplast. PAS. Bars: 30µm, 
75µm and 88µm, respectively.
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The Vv of the tissues present in the ST showed the 
predominance of cardiac muscle tissue followed by 
connective tissue (Figure 4A). However, according to 
the histological analysis of trabeculae with different 
diameters, the stereological analyzes showed 
significant differences in the amount of cardiac muscle 
and connective tissue in thin and thick structures. 
Thus, higher Vv of connective tissue and few cardiac 
muscle tissue was presented in the thin trabeculae, 
while the thicker samples presented higher Vv of 
cardiac muscle tissue (Figure 4B).

Figure 4. A) Vv of the cardiac muscle fibers, connective tissue, blood vessels and Purkinje fiber of pigs ST. B) Comparison between Vv of the cardiac muscle fiber, 
connective tissue, vascular tissue and Purkinje fiber (conduction myofibril) between porcine ST of thin, medium and thick diameters. Values expressed as percentage. 
Statistically significant differences: *p≤0.05. 

Discussion
Understanding the heart’s morphophysiology and 

cardiovascular diseases through knowledge of cardiac 
anatomy, histology and physiology in both humans and 
animal models is essential. The pig has been widely 
used as a model in cardiovascular research. However, 
knowledge about the comparative cardiac morphology 
of pigs is limited29.

Structurally, the right ventricle in the pig is very 
similar to the human except for the ST30. In human and 
animal heart ventricles, ST primarily provides quick 
transmission of electric impulses to the parietal wall 
and prevents excessive dilatation of the ventricles 
during diastole31,32. Clinical significance of the ST is 
reported to be associated with conduction disturbances 
of the heart12, 33-38, so much so that ST removal has been 
performed for the treatment of idiopathic premature 
ventricular contractions35,39. Besides, iatrogenic heart 
disease has been related to ST excision, evidencing 
the importance of careful handling during surgical 
procedures 6,23,39. 

This study showed histological and anatomical intra-
species variation on the pig ST, including insertion’s 
number, shape, length, as well as the diameter and how 
the tissue constitution may differ between samples. 
Previous studies also observed variations on ST lengths 

and shapes, and several morphological classifications 
of the moderator band (MB) have been proposed6-8,12, 

15,38,40.  These variations show that attention should 
be given to the ST topography, since this structure 
is a crucial part of the conducting system and can 
therefore have major clinical consequences when it 
comes to congenital abnormalities. 

In this study, the length and thickness of the pig ST 
also varied. Correlation between these parameters was 
noted, and larger trabeculae had thinner diameters; 
In contrast, thicker diameter ST were generally 

shorter. Several other studies demonstrated variable 
morphological and topographical patterns of ST in 
different species16,17,23,41. Loukas et al.6 observed highly 
varied patterns in porcine ST, and classified them 
according to their surface and area measurements into 
categories: type I, short and coarse; type II, long and 
thick; type III, short and thin; type IV, long and thin.

Regarding the number of fixations, the results of this 
study showed that most of the swine ST were unique. 
However, in two samples, variations in the number 
of fixations occurred only at the right ventricular-
related extremity and presented bifurcated and 
quadrifurcated. This finding has also been reported by 
other researchers in pigs17, horses19, dogs16, 42 and even 
humans12,15,18.

In this study, the histological examination of the ST 
revealed the presence of connective tissue, cardiac 
muscle fibers, blood vessels, and Purkinje cells in pig 
heart samples, in agreement with the histological 
description of the trabeculae in other animal species 
and in humans11,16,17,19,32,43-46. It was also evidenced a 
variation in Purkinje fibers distribution and disposition, 
besides the proportion between the striated cardiac 
and connective muscle tissues between the samples. 
Bojsen-Moller and Tranum-Jensen9 described that the 
ST of pigs varies widely in cardiac muscle quantity, 
which were absent in 5 of 19 trabeculae examined. It was 
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