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Abstract

Background: This study aimed to evaluate the relative length and anatomical position of septal papillary muscles, 
including the papillary muscle of the conus arteriosus (MCA) and other septal papillary muscles (MPS), as these 
may have significant clinical implications. Material and methods: We examined 111 formalin-fixed human hearts 
from individuals aged 49-97 years, with no pathological lesions or malformations. The right ventricle was opened 
with a  V-shaped incision, and measurements were taken along the posterior angle from the annulus fibrosus  
to the apex. The ventricle height was divided into ten levels for topographical assessment. Relative muscle lengths 
were calculated as percentages of ventricular height. Results: MCA was present in all specimens, predominantly  
as a poorly developed structure (67.57% with relative length 1-5%). MPS were absent in 28 hearts, with only tendi-
nous cords present. When developed, MPS showed similar proportions to MCA. The latter was primarily located  
at the third level from the annulus fibrosus, while MPS and associated cords showed greater topographical variability  
(levels 1-7).  Conclusions: Septal papillary muscles demonstrate considerable morphological and topographical var-
iability. The predominance of poorly developed muscles and the presence of tendinous cords alone suggest evolu-
tionary variations in septal muscular organization. These findings provide important anatomical insights for cardiac 
interventions.
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Materials and methods

The observations were conducted on 111 human 
hearts of both sexes, from individuals aged 49-97 
years, with no pathological lesions or malformations, 
fixed in a solution of formalin and ethanol. The hearts 
were obtained from the collection of the Division  
of Clinical Anatomy at the Medical University of Gdańsk 
(Poland). All experimental procedures were approved 
by the local Independent Bioethics Committee for 
Scientific Research (decision No. 74/2012).

Classic anatomic methods were used: the right 
ventricle (RV) was opened with a V-incision from the 
aortic orifice of the pulmonary trunk (along the ante-
rior interventricular groove), and then along the later-
al border of the RV towards the right atrioventricular 
valve. The RV height was measured along its poste-
rior angle: from the fibrous annulus of the tricuspid 
valve (FA) to the apex of the RV. The ventricular height 
was divided into ten equal levels (1-10, counted from  
FA towards the apex) serving for determining the 
height of location of the examined structures (Fig-    
ure 1). Relative lengths of the muscles were meas-
ured and normalized to the height of the RV (Figure 2). 
These results were then categorized into the follow-
ing ranges for analysis: 1-5%, 6-10%, 11-15%, 16-20%,  
and > 20%. 

Figure 1. The division of interventricular septum into 10 levels
h – the height of the right ventricle; SVC – supraventricular crest; 
MPS – septal papillary muscles; MPP – posterior papillary muscle; 
APM – anterior papillary muscle; SMT – septomarginal trabecula; 
 – papillary muscle of the conus arteriosus

   Introduction

Although not a  new area of research, cardiac 
morphology remains indispensable in the dynamic 
development of interventional cardiology and car-
diac surgery. Understanding the detailed anatomy  
of individual cardiac structures is essential for recog-
nizing pathological variations that may occur within 
the heart. While modern visualization techniques pro-
vide valuable insights, comprehensive autopsy stud-
ies enable detailed morphological observations that 
remain crucial for clinical practice. Such studies may, 
among other things, help determine whether a specif-
ic configuration of a heart’s structure represents the 
norm (or its variant) or a pathology.

In 1863, Luschka described the muscle located  
on the heart’s septum and proposed the name “pap-
illary muscle of the conus arteriosus” (musculus coni, 
MCA) [1]. Some controversies arise around this struc-
ture’s nomenclature. Some authors have used the 
above-mentioned term, although the terms “muscle 
of Luschka” or “muscle of Lancisi” are can also be 
found in the literature [2].

In recent years, relatively few research articles 
have focused on the septal papillary muscles (mus-
culi papillares septales, MPS) that contribute to the 
valvular apparatus of the right atrioventricular ori-
fice. Szostakiewicz-Sawicka, Wenink and Restivo et 
al. noticed the significant role of the muscles located  
in the immediate vicinity of the musculus coni as sup-
portive elements to the anterior commisure and the 
cuspis septalis of the tricuspid valve [3-5]. For this rea-
son, Wenink suggested the term “the medial papillary 
complex” which, with a slight modification („the me-
dial papillary muscle complex”), is also used by Restivo 
[4-5]. According to these authors, the muscles consti-
tute a  complex directly connected with the muscle  
of the arterial cone. Loukas et al. stresses the research-
ers’ limited interest in MCA, although the knowledge 
of the heart’s normal anatomy is essential for the cor-
rect understanding of cardiac diseases [2].

The aim of this study was to estimate the relative 
length of all MPS, including the muscles of the arte-
rial cone, as well as remaining septal muscles and the 
height at which the basis of the muscles are located, 
which may have significant clinical relevance.
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Figure 2. Relative height of the papillary muscles (l/h) 
l – the length of papillary muscle of the conus arteriosus;  
h – the height of the right ventricle; SVC – supraventricular crest;  
MPS – septal papillary muscles; MPP – posterior papillary muscle; 
APM – anterior papillary muscle; SMT – septomarginal trabecula; 
 – papillary muscle of the conus arteriosus

Statistical analysis

When evaluating the results, a  non-parametric 
Pearson’s chi-square test of independence was used. 
The software used to perform analyses was R 2.15.1 
(R  Foundation for Statistical Computing, Vienna, 
Austria) and GraphPad 5 (GraphPad Software, Inc. 
La Jolla California, USA). P values < 0.05 were consid-
ered statistically significant.

   Results

All examined structures were divided into 2 groups, 
as suggested by Jeżyk et al.: “constant” (with MCA 
present in each specimen) and “variable” (included 
MPS) similarly to other papillary muscles, are essen-
tial elements of the heart valvular system [6]. Damage 
to their structure may lead to a considerable life risk. 
Of all the papillary muscles, the septal papillary mus-
cles are characterized by the greatest topographical 
and morphological variability. However, information 
about these muscles is scarce and fragmentary. The 
objective of this study was to ascertain their occur-
rence and the region in which they are placed in the 
inter-ventricular septum. One hundred and eleven 
human hearts were examined. The hearts belonged 
to the Clinical Anatomy Department of the Medical 

University of Gdańsk. They were fixed in formalin with 
ethanol and came from middle-aged and older indi-
viduals of both sexes, devoid of pathological changes 
and birth defects. During the tests, classic anatomical 
methods were applied. The region where the papillary 
muscles are found covers a sizeable surface of the sep-
tum, from the conus arteriosus up to the back angle 
of the right chamber. Depending on their location the 
following septal papillary muscles (musculi papillares 
septales, MPS).

Relative length of MCA

MCA was observed in all examined hearts. In most 
cases it was a  poorly developed structure (of a  rela-
tive length of 1-5%), constituting a  minor convexity 
(Figure 3). In 3 hearts only, its relative length reached 
the highest value of 16-20% of the RV’s height. 
(Table 1). 

MPP

MPS

MPS

MPS

MCA

Figure 3. Gross anatomical view of the opened right ventricle  
in an adult human heart, showing the exposed cavity with 
papillary muscles. An example of a  poorly developed MCA 
(relative length of 1-5%) 
MPS – septal papillary muscles; MCA – papillary muscle of the 
conus arteriosus; MPP – posterior papillary muscle

Table 1. Relative length of MCA in adult human hearts 
expressed in percent of the ventricle’s height (ALMCA)

ALMCA(%)
Hearts

n %

1-5 75 67.57

6-10 22 19.82

11-15 11 9.91

16-20 3 2.70

20 0 0

Total 111 100
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Relative length of MPS

MPS are generally poorly developed (Table 2). In 
28 hearts (25.23%) we did not dermine the presence 
of MPS. In such cases only tendinous cords ran from 
the intraventricular septum and supplied specific 
parts of the tricuspid valve cusp. Developed muscles 
were of convex or conical shape, lying in the medial 
or posterior part of the septum in the vicinity of the 
posterior papillary muscle. 

Table 2. Relative length of MPS in adult human hearts expressed 
in percent of the ventricle’s height (ALMPS)

ALMPS (%)
MPS muscles

n %

1-5 86 63.24

6-10 36 26.47

11-15 10 7.35

16-20 4 2.94

20 0 0

Total 136 100

As the above data indicate, very poorly developed 
MPS (with a  relative length of 1-5%) clearly predom-
inated, constituting the majority of cases and mak-
ing up over 60% of all muscles observed. Comparing 
data related to the length of the MCA (Table 1) with 
the length of the MPS (Table 2), we might conclude 
that the value distribution for both muscles was alike 
(Figure 4). This is confirmed by Pearson’s chi-square 
analysis (Pearson’s) = 1.8095; df = 3; p value = 0.61.

Figure 4. Relative length of MCA and MPS in adult human hearts 
– summary

The height of location of MPS’ base on 
the intraventricular septum 

In order to estimate the location of the MPS, the 
height of the right ventricle (previously divided into 
10 equal levels) was used as the reference system for 
determining their position along the intraventricular 
septum. Particular muscles belonging to a certain lev-
el were observed.

The height of location of MCA’s base on 
the intraventricular septum

In most cases the MCA was located on the 3rd level 
of the FA (Figure 5). 

MPS

MPS

MCA
MPP

Figure 5. Gross anatomical view of the opened right ventricle in 
an adult human heart, showing the exposed cavity with papillary 
muscles 
MPS – septal papillary muscles; MCA – papillary muscle of the 
conus arteriosus; MPP – posterior papillary muscle

The height of the location of MCA’s base on the in-
traventricular septum is presented in Table 3.

Table 3. The height of the location of MCA’s base on 
intraventricular septum in adult human hearts

Level of location
MCA muscles

n %

2

3

4

15

93

3

13.5

83.8

2.7

Total 111 100
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The height of location of MPS’s base on 
the intraventricular septum

The observations revealed the presence of variable 
number of MPS muscles often accompanied by tendi-
nous cords occurring in different proportion. 

The muscles and / or the tendinous cords were 
mostly observed on upper levels, although they could 
also be found on the 6th and 7th levels (Figure 6). In 
total, 492 such structures were reported, of which 
136 constituted the MPS, and 356 – the cords.

MPS

MPS

MPP

MCA

MPS

Figure 6. Gross anatomical view of the opened right ventricle in 
an adult human heart, showing the exposed cavity with papillary 
muscles 
MPS – septal papillary muscles; MCA – papillary muscle of the 
conus arteriosus; MPP – posterior papillary muscle

The height of location of MPS’ base on the septum 
(and/or the height of the location of the tendinous 
cords diverging) is presented in Table 4. 

Table 4. The height of location of MPS’s base and/or 
corresponding tendinous cords on the intraventricular septum 
in adult human hearts 

Level of 
location

MPS muscles +/- tendinous chords

n %

1

2

3

4

5

6

7

90

130

112

121

32

5

2

18.3

26.4

22.8

24.6

6.5

1.0

0.4

Total 492 100

When we compare the data from both tables, i.e. 
the height of the MCA base (Table 3) with the height 
of the MPS base (Table 4), we may conclude that the 
location of these muscles on the ventricular sep-
tum is variable (Figure 7) as confirmed by Pearson’s 
chi-square analysis (Pearson’s) = 155.676; df = 6; 
p value < 0.001. 

Figure 7. Height of the base of the MCA and MPS (and/or 
tendinous cords) in adult human hearts – summary

In 28 hearts MPS were not observed, although cor-
responding tendinous cords co-creating the valvular ap-
paratus were present. In remaining 83 hearts we noted 
the presence of the total 136 MPS (Table 2). As already 
mentioned, the MPS were bound to the medial or pos-
terior part of the septum, in the vicinity of the pos-
terior papillary muscle. In total 356 tendinous cords 
were observed diverging directly from the septum and 
associated MPS. Some of them occurred alone with 
no developed MPS (28 hearts), other accompanied 
usually poorly developed muscles. The presence of 
various number of MPS muscles (often additionally 
accompanied by the cords), and even the presence of 
tendinous cords alone confirms the variability of this 
group of septal papillary muscles.

Discussion

Papillary muscles related to the septum consti-
tute a  part of the heart’s valvular apparatus, there-
by co-deciding about its proper functioning [3, 7-12]. 
Therefore, understanding the detailed anatomy of the 
MPS complex is crucial not only for anatomical classifi-
cation but also for clinical applications such as imaging  
interpretation, catheter-based interventions, and 
valve repair procedures. Their morphology can  
influence conduction pathways and arrhythmogenic 
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potential in the right ventricular outflow tract (RVOT) 
[10, 13-14]. Advanced cardiac CT and MRI have be-
come the reference methods for examining the com-
plex geometry of the RVOT, thereby enabling further 
study of sub-structures such as septal papillary mus-
cles and their potential morphological impact [15]. 
Structural damage to these muscles can pose consid-
erable clinical risk [16-18]. Nevertheless, some authors 
emphasize that the attention given to MPS complex  
of septal papillary muscles is still insufficient [2].

The substantial topographical and morphological 
diversity of MCA and MPS has led to nomenclature 
ambiguity [19-20]. Jeżyk et al. observed a  specific 
distinction within the septal muscles: a  fixed group 
and a variable one. In the former group they included  
an always-present muscle located anteriorly on the 
septum, which due to its location is often referred  
to as the muscle of the arterial cone (m. coni arter-
iosi or m.  subarteriosus) (MCA). The attitudinally 
based approach to cardiac anatomy introduced by 
Anderson et  al. [21] redefines papillary muscle ori-
entation in terms of spatial relationships rather than 
traditional directional terminology. In the latest atti-
tudinally based description of right ventricular anat-
omy by Crucean et al. [20] the papillary muscles are 
characterized according to their spatial relationships 
with the septal, inferior, and antero-superior leaflets 
of the tricuspid valve, reflecting their true topographi-
cal orientation within the RV. In the available literature, 
MCA was most often regarded as the MPS. Jeżyk et al. 
proposed a distinction in which this muscle (MCA) be-
longs to the constant group, whereas the remaining 
MPS form a  variable group [6]. In previous reports, 
these additional MPS were inconsistently described  
as accessory muscles (m. accesorius) or as the septum’s 
own muscles (m. papillaris proprius septi) or were sim-
ply ignored. In our study, we adopted the same classi-
fication as Jeżyk et al. [6] similarly to other papillary 
muscles, are essential elements of the heart valvular 
system. Damage to their structure may lead to a con-
siderable life risk. Of all the papillary muscles, the sep-
tal papillary muscles are characterized by the greatest 
topographical and morphological variability. However, 
information about these muscles is scarce and frag-
mentary. The objective of this study was to ascertain 
their occurrence and the region in which they are 
placed in the inter-ventricular septum. One hundred 
and eleven human hearts were examined. The hearts 
belonged to the Clinical Anatomy Department of the 
Medical University of Gdańsk. They were fixed in for-
malin with ethanol and came from middle-aged and 
older individuals of both sexes, devoid of pathological 

changes and birth defects. During the tests, classic 
anatomical methods were applied. The region where 
the papillary muscles are found covers a sizeable sur-
face of the septum, from the conus arteriosus up to 
the back angle of the right chamber. Depending on 
their location the following septal papillary muscles 
(musculi papillares septales, MPS. According to this 
classification, the absence of a developed muscle was 
recorded as a tendinous cord. 

In the available literature, authors typically use ab-
solute values to estimate the length of papillary mus-
cles [5, 16, 22]. Whereas, the relative length of the 
muscles, as used in this study, may provide a basis for 
broadening the scope of observations through com-
parative anatomical studies. Expressing muscle length 
in proportion to the ventricular height reflects its po-
tential mechanical influence on leaflet tethering and 
right ventricular geometry. This proportional analysis 
is conceptually consistent with parameters used in 
previous experimental and clinical studies to predict 
residual tricuspid regurgitation, where altered papil-
lary muscle positioning and tethering angles have been 
shown to correlate with postoperative outcomes [14, 
23-24]. Therefore, this method may offer functional-
ly relevant insight into the interplay between septal 
muscle morphology and tricuspid valve competence. 
The relative height used in such studies provides for 
differences within the size of particular hearts. Further 
discussion is needed to determine whether “muscle 
height” rather than “muscle length” would be a more 
appropriate term for the septal papillary muscles.  
In this study we used the former term. Topographic 
relations and the term “ventricle’s height” used in the 
work as a point of reference, might support the former 
interpretation. However, we decided to use the latter 
term since it occurs in available literature, although 
referring to absolute values. 

Huwyler figuratively described the size of the MCA 
in human hearts reporting that it reaches at most the 
dimension of a  cherry stone, whereas Rouviere pre-
sented it as a small, conical muscle located above the 
moderator band [25-26]. Although most of the previ-
ous studies have focused on morphological and gross 
shape variations, our analysis extends this approach 
by offering a more detailed quantitative comparison 
of relative papillary muscle lengths [27]. This approach 
complements previous morphometric investigations 
by introducing a  normalized assessment of septal 
papillary muscle dimensions relative to the RV height, 
enabling inter-individual comparison independent  
of heart size. 
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Saha and Roy reported the mean length of the 
septal papillary muscle as 0.95 ± 0.38 cm, typically 
arising from the upper one-third of the RV, where-
as Sinha et  al. observed a  comparable mean value 
of 0.92 ± 0.54 cm  [28-29]. Our findings are consist-
ent with these observations. Farzana et al. noted an 
age-related increase in the muscle’s mean length, 
from 0.51  cm in young adults to 0.81 cm in older 
individuals  [30]. Bhadoria reported that all septal 
papillary muscles were uniformly conical in shape 
in all 50  (100%) hearts examined in their study [31]. 
Varghese described them as having a conical or broad-
apex shape. He does not describe any cylindrical mus-
cles on the septum [32]. Testut et al., described the 
muscle of the  arterial cone as a  round hump of 6-8 
mm in length, often occurring at a site, where the su-
praventricular crest descends [33]. In turn, Mikhaylov 
wrote that the length of MCA in his material ranged 
from 2 to 14 mm, and the height of most muscles 
amounted from 2 to 6 mm, whereas Musso reported 
the dimension of 4 to 18 mm [16, 22].

Both MCA and MPS were in most cases observed as 
poorly developed structures. This was also confirmed 
by statistical analysis. Contemporary anatomical and 
electrophysiological studies describe marked variabil-
ity in the development of right ventricular papillary 
muscles, therefore good anatomical knowledge is re-
quired [34]. The right ventricle can be separated into 
an inlet, an outlet, and an apical compartment. The 
inlet and outlet are separated by the septomarginal 
trabeculae, while the apex is situated below the mod-
erator band. A  lead position in the right ventricular 
apex is less desirable, last but not least due to the thin 
myocardial wall. Many leads supposed to be implant-
ed in the apex are in fact fixed rather within the tra-
beculae in the inlet, which are sometimes difficult to 
pass. In the RVOT the septal papillary muscle is typical-
ly the least prominent element of the right ventricular 
apparatus and may even be absent as a distinct struc-
ture (reported absent in ~56% of specimens) [28]. 
After examining 30 adult human hearts Szostakiewicz-

-Sawicka described MCA as little convexities and in 
3 cases reported their absence. In our material MCA 
was always present [3].

This considerable variability may explain the rela-
tively limited number of publications devoted to these 
structures and the difficulties in their classification. For 
this reason their name is seldom mentioned in litera-
ture or referred only as to ‘small muscles’, ‘minor cones’ 
or ‘free and direct cords’ [35-37]. Considerable indi-
vidual variation in the arrangement of tricuspid valve 
papillary muscles has been described, reinforcing that 

the so-called ‘normal’ configuration may vary widely 
among healthy individuals [38].

The anatomical variability of the septal papillary 
muscles, particularly within the conal region, may 
also influence the pathophysiology of arrhythmias 
arising from the RVOT. Knowledge of the individu-
al papillary muscle anatomy is crucial for successful 
catheter-based treatment, as the complex structure 
and variability of these muscles directly affect cath-
eter stability, mapping accuracy, and long-term abla-
tion outcomes. Despite continuous technical progress, 
the long-term success of papillary muscle ablation 
remains moderate, highlighting the importance of 
precise anatomical understanding before interven-
tion [39]. Accurate knowledge of this part of the heart 
is also essential for effective ablation and prevention 
of iatrogenic injury [10, 13].

Beyond their arrhythmogenic relevance, variations 
in the septal papillary muscles may affect tricuspid 
valve mechanics and contribute to leaflet tethering 
in functional regurgitation or dilated cardiomyopathy. 
Studies have demonstrated that tethering angles and 
septal muscle displacement predict recurrence of tri-
cuspid regurgitation after surgical repair [23-24, 40]. 
Hence, the structural variability described in our study 
could have direct implications for preoperative imag-
ing and repair strategy. This variability may also be 
reflected in a slightly less stable attachment of these 
structures along the septum. While the MCA occupied 
mainly the 3rd level (from 2 to 4) (Table3), the MPS 
+/- the corresponding cords were most frequently ob-
served between levels 1 and 7, predominantly in the 
upper levels (Table 4). Statistical analysis confirmed 
the variability of the levels of both muscles’ location 
(including tendinous cords) on the septum. Particular 
muscles constituting a  complex of papillary muscles  
of a  relevant group in the RV are called “heads” by 
Nigri et al. [41]. It seems that these authors included 
a part of the papillary muscles complex into the pos-
terior papillary muscle group. They also distinguished 
various types of the muscles’ shapes: conical, flat-
topped, mammillated, arched. It can be assumed that 
the authors accommodated different criteria for the 
muscles’ valuation. 

The high frequency of poorly developed or absent 
septal papillary muscles suggests that this structure 
cannot be regarded as a  constant anatomical land-
mark. This finding contrasts with traditional ana-
tomical descriptions, highlighting a  greater degree  
of variability than previously recognized [31, 42].
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   Conclusions

In summary, the considerable variability in the mor-
phology and location of septal papillary muscles has 
important implications for right ventricular geometry, 
tricuspid valve function, and RVOT arrhythmogenici-
ty. The present correlations between relative muscle 
length, attachment height, and functional relevance 
underscore the clinical importance of these structures 
in imaging, surgery, and electrophysiology.

The frequent finding of poorly developed muscles 
located on the interventricular septum (or even re-
placement by tendinous cords) appears particularly 
noteworthy, as these may represent vestigial remnants 
of septal papillary muscles. Future studies combining 
gross anatomy with histological and microstructural 

analyses would help clarify whether these formations 
reflect regressed remnants or functionally specialized 
components, and how their tissue composition may 
influence subtle variations in right ventricular me-
chanics.
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