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ABSTRACT

	Background: Papillary muscles are pillar-like structures in the ventricular cavity, anchoring the atrioventricular valves via chordae tendineae. In the right ventricle, they include; anterior, posterior, and septal muscles, while the left ventricle has only anterior and posterior muscles. They play a crucial role in ventricular contraction. This study aimed to evaluate the morphometric characteristics of the papillary muscles through cadaveric dissection. 
Methods: 23 cadaveric hearts from Nigerian medical schools in the south southern region of Nigeria were procured and dissected, only specimens meeting the established inclusion criteria were utilized. A digital vernier caliper capable of measuring with a precision of 0.01 mm was used to measure the length and breadth of the papillary muscles. The length was measured from its attachment at the base to the apex, while the breadth was assessed at the muscle's origin from the ventricular wall. For statistical analysis, both descriptive and inferential methods were conducted using IBM-SPSS version 23. 
Results: The anterior papillary muscles measured 13.90±4.84mm in length and 5.94±3.91mm in breadth in the right ventricle, while in the left ventricle, their dimensions were 20.77±6.33mm in length and 10.32±4.38mm in breadth. Additionally, the posterior papillary muscles showed lengths of 12.76±5.86mm in the right ventricle and 18.54±5.82mm in the left ventricle, with breadths of 6.24±3.08mm and 10.02±4.63mm, respectively. Lastly, septal papillary muscle had a length of 11.23±5.76mm and a breadth of 6.26±2.49mm. Differences in the length and breadth of the anterior and posterior papillary muscles between the right and left ventricle were significant (P<0.05).
Conclusion: The anterior and posterior papillary muscles of the left ventricle are larger in length and width compared to those in the right ventricle, reflecting its higher pressure workload requiring robust mitral valve support. 
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1. INTRODUCTION

During the 5th week of gestation, the development of the pulmonary valve commences with the emergence of three subendocardial tissue swellings around the orifices of the pulmonary trunk. As these swellings mature, they undergo a transformation to form three thin-walled cusps, which ultimately constitute the pulmonary valve. In parallel, the atrioventricular (AV) valve originates from the excavation of the supporting ventricular myocardium (Steding and Seidl, 1993). As cavitation takes place within the ventricular walls, it gives rise to a network of muscular bundles. Some of these bundles evolve into the trabeculae carneae, while others differentiate into papillary muscles and chordae tendineae, connecting the papillary muscles to the AV valve. By the end of the 8th week, the heart successfully presents a well-developed AV valvular structure (Xanthos et al., 2011; Gwunireama et al., 2026).
The papillary muscles are essential pillar-like structures located within the ventricular cavity of the heart. In the right ventricle, there are three papillary muscles, each identified by its position: the anterior papillary muscle (APM), the posterior papillary muscle (PPM), and the septal papillary muscle (SPM). In contrast, the left ventricle has only two, namely the anterior and posterior papillary muscles (Xanthos et al., 2011; Harsha and Chandrashekar, 2015; Bhadoria et al., 2022; Gwunireama et al., 2026). These muscles can be categorized based on the distribution of their chordae tendineae, which connect them to specific commissures and adjacent main leaflets. Consequently, the APM is classified as anteroposterior, the PPM as posteroseptal, and the SPM as anteroseptal (Joudinaud et al., 2006; Marak et al., 2024; Xalxo et al., 2025). The anatomical positioning of these muscles is noteworthy; the anterior papillary muscle arises from the sternocostal wall, the posterior muscle from the diaphragmatic wall of the ventricle, and the smallest, the septal muscle, originates from the interventricular septum. Their dimensions also point to their functional significance, with lengths ranging from 2 to 3.5 cm and thicknesses typically between 0.5 and 1 cm (Spreeuwers et al., 2005; Bhadoria et al., 2022). Understanding the structure and function of papillary muscles can enhance our insights into cardiac mechanics and health.
Chordae tendineae play a crucial role in the heart's anatomy, serving as fibrous structures that connect the apex of the papillary muscles to the cusps of the atrioventricular valve (Priya et al., 2014). The number of chordae tendineae attached to each papillary muscle in the ventricles can vary significantly, ranging from two to as many as twenty. A noteworthy condition, known as a parachute mitral valve, occurs when all the chordae tendineae in the left ventricle are connected to a single papillary muscle. This condition is often linked to mitral regurgitation and stenosis (Rich and Khan, 2022). The attachment of papillary muscles to the ventricular wall can vary, occurring either at the base or extending along their entire length. Together, papillary muscles and chordae tendineae constitute the subvalvular apparatus of the heart. A healthy atrioventricular (A-V) valve complex typically comprises the A-V ring, cusps, chordae tendineae, and papillary muscles (Spreeuwers et al., 2005; Xanthos et al., 2011; Harsha and Chandrashekar, 2015). Interestingly, the length and thickness of chordae tendineae generally measure between 1-2 cm and 0.2-1 mm, respectively. Due to their small size, they often go undetected in MR images, as the in-plane resolution typically around 2 mm limits visibility (Spreeuwers et al., 2005). This understanding highlights the complexity of the heart's structure and the importance of advanced imaging techniques for better visualization.
The number, length, shape, and arrangement of papillary muscles and chordae tendineae within the ventricles can vary significantly. This variability holds clinical importance, as the papillary muscles are crucial for effective ventricular contraction. They draw the tricuspid annulus toward the apex, facilitating the shortening of the long axis and transforming the chamber into a more spherical shape, which enhances the ejection of blood. During the systolic phase of the cardiac cycle, as the ventricles contract, the papillary muscles contract in unison. This action tightens the chordae tendineae, preventing the prolapse of the atrioventricular valves and ensuring a unidirectional flow of blood within the heart. Understanding this mechanism is essential for appreciating the dynamics of cardiac function (Joudinaud et al., 2006; Xanthos et al., 2011; Bhadoria et al., 2022; Hashimoto et al., 2001; Saha and Roy, 2018).
The left atrioventricular, or mitral valve, apparatus is uniquely individualized, much like fingerprints. To enhance post-operative outcomes, it is essential for surgeons to prioritize the preservation of the patient's own papillary muscles. Additionally, the use of homograft mitral valves has shown promising results when applied to the replacement of the right-sided tricuspid valve (Bhadoria et al., 2022). This approach underscores the importance of personalized strategies in cardiac surgery for improved patient care. Studies has shown that the approximation of the papillary muscles by surgery may produce sustained improvements in cardiac function (Nappi et al., 2016; Musialek et al., 2026).
Previous research has explored the morphology and morphometry of the heart's papillary muscles in various populations, highlighting their mechanical functions and clinical significance for cardiac health. However, there has been a noticeable absence of morphometric analysis focused on the papillary muscles within the Nigerian population. This study aims to address this gap in knowledge by evaluating the morphometric values of the papillary muscles through cadaveric dissection in a Nigerian context.

2. material and methods
The cross-sectional descriptive research design was employed, twenty-three (23) cadaveric hearts were procured and dissected. The age, ethnicity, and sex of the specimens were not determined. The specimens were obtained from the Departments of Anatomy at the Universities of Port Harcourt, Rivers State University, and Bayelsa Medical University, all situated in the South-Southern region of Nigeria. 
The criteria for inclusion in this study are as follows: the cadaveric heart must originate from Nigeria, be that of an adult, and exhibit no signs of developmental abnormalities, trauma, or tumors. Any hearts that did not fulfil these criteria were excluded from the study to ensure accuracy and reliability.
To obtain precise measurements of the papillary muscles, a digital vernier caliper capable of measuring to an accuracy of 0.01 mm was employed. To ensure the reliability of the data, each parameter was measured three times, and the average of these measurements was recorded as the definitive value. The length and breadth of the papillary muscles were measured separately for both the left and right ventricles using the vernier calipers. The length was determined from the point where the base of the papillary muscle attaches to the ventricular wall, extending to its apex. The breadth was assessed as the width of the muscle at its origin from the ventricular wall.
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Figure 1: The right ventricle of the heart.
1= septal papillary muscle, 2= Chordae tendineae, 3= Anterior papillary muscle, 4= Posterior papillary muscle, 5= Tricuspid valve, 6= Trabeculae carneae, A= Measurement of the breadth of anterior papillary muscle, B= Measurement of the length of posterior papillary muscle.
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Figure 2: The left ventricle of the heart.
1= Anterior papillary muscle, 2= Posterior papillary muscle, 3= Chordae tendineae, 4= Bicuspid valve, A= Measurement of the length of anterior papillary muscle, B= Measurement of the length of posterior papillary muscle.
The data collected was analyzed using IBM-SPSS version 23, which allowed for robust descriptive and inferential statistical evaluations. The minimum, maximum, mean and standard deviation of the variables were calculated to summarize the data. A paired sample t-test was used to compared the mean of the measured variables on the right and left to detect significant differences by lateraliation. We established a confidence interval of 95%, and a p-value of less than 0.05 was established to be statistically significant.

3. results and discussion

The results of this study was presented in tables.

Table 1: Descriptive Statistics of the anthropometric variables of the papillary muscles of the right ventricle.
	Measured
variables (mm)
	N
	Min.
	Max.
	Mean±SD

	RPL
	14
	4.15
	25.97
	12.76±5.86

	RAL
	15
	2.66
	23.75
	13.90±4.84

	SL
	14
	2.90
	22.06
	11.23±5.76

	RPB
	14
	3.30
	14.76
	6.26±3.08

	RAB
	16
	2.57
	19.66
	5.94±3.91

	SB
	15
	1.86
	12.00
	6.24±2.49


RPL=Right Posterior Length, RAL=Right Anterior Length, SL=Septal Length, RPB=Right Posterior Breadth, RAB=Right Anterior Breadth, SB=Septal Breadth, Min= Minimum, Max= Maximum, SE= Standard Error, SD=Standard Deviation

Table 2: Descriptive Statistics of the anthropometric variables of the papillary muscles of the left ventricle.
	Measured
variables (mm)
	N
	Min.
	Max.
	Mean±SD

	LPL
	20
	5.11
	26.77
	18.54±5.82

	LAL
	20
	8.65
	29.83
	20.77±6.33

	LPB
	20
	3.20
	23.56
	10.02±4.63

	LAB
	20
	3.40
	21.03
	10.32±4.38


LPL=Left Posterior Length, LAL=Left Anterior Length, LPB=Left Posterior Breadth, LAB=Left Anterior Breadth, Min= Minimum, Max= Maximum, SE= Standard Error, SD=Standard Deviation

Table 3: Paired Sample Test of Lateralization
	Variables
	Mean
	SD
	SEM
	95% CI of the Difference
	t
	df
	P-value
	Inference

	
	
	
	
	Lower
	Upper
	
	
	
	

	LPL –RPL
	7.68
	7.93
	2.12
	3.10
	12.26
	3.62
	13
	.003
	S

	LAL – RAL
	8.64
	8.07
	2.08
	4.17
	13.11
	4.15
	14
	.001
	S

	LPB – RPB
	2.34
	4.00
	1.07
	.03
	4.65
	2.19
	13
	.048
	S

	LAB –RAB
	4.08
	6.69
	1.67
	.51
	7.64
	2.44
	15
	.028
	S


RPL=Right Posterior Length, RAL=Right Anterior Length, RPB=Right Posterior Breadth, RAB=Right Anerior. Breadth, LPL=Left Posterior Length, LAL=Left Anterior Length, LPB=Left Posterior Breadth, LAB=Left Anterior Breadth, SEM= Standard Error of Mean, SD=Standard Deviation, CI= Confidence Interval, S.= Significant (p<0.05), df=Difference, S= Significant

The study revealed that the anterior papillary muscle in the right ventricle had an average length of 13.90±4.84 mm, whereas in the left ventricle it measured 20.77±6.33 mm; similarly, the mean breadth was 5.94±3.91 mm in the right ventricle compared to 10.32±4.38 mm in the left, indicating that across all parameters, the left ventricular anterior papillary muscle exhibited larger dimensions. Paired sample tests confirmed that the differences in both length and breadth between the right and left anterior papillary muscles were statistically significant (p<0.05). In agreement with these findings, Bhadoria et al., 2022) reported a statistically significant difference in mean lengths between the right (12.71±3.81 mm) and left ventricles (16.41±4.33 mm) with a p-value of <0.001, although they observed no significant difference in muscle width between the right (6.92±2.55 mm) and left (7.98±2.53 mm) ventricles (p=0.014), a result that contrasts with our study. These dimensional disparities are crucial as they may influence the mechanical function of the heart and have implications for surgical interventions, such as valve repair, where precise knowledge of papillary muscle anatomy can guide more effective and individualized treatment strategies.
In the present study, the posterior papillary muscle in the right ventricle demonstrated a mean length of 12.76±5.86 mm compared to 18.54±5.82 mm in the left ventricle, while its mean breadth was 6.26±3.08 mm versus 10.02±4.63 mm in the left ventricle; in every measured dimension, the left ventricular values were higher. Paired sample tests confirmed that the differences in both length and breadth between the right and left posterior papillary muscles were statistically significant (p<0.05). Supporting these results, Bhadoria et al., (2022) reported a significant difference in the mean length of posterior papillary muscles between the right (12.40±3.03 mm) and left ventricles (14.64±3.92 mm) with p<0.001, and although they found that the mean width was 7.46±2.75 mm in the right and 8.44±3.19 mm in the left ventricle, this difference in width was not statistically significant (p=0.013), which contrasts with the current study’s findings. These discrepancies in papillary muscle dimensions could be crucial for understanding ventricular mechanics and optimizing interventions, as they may influence the function of the mitral and tricuspid valves and affect surgical strategies for valve repair or replacement, suggesting a need for further research to elucidate the impact of these anatomical variations on patient outcomes.

Table 4: Comparison of the mean length of the right papillary muscles in different populations
	S/N
	Study
	Population
	N
	Mean Length (mm)

	
	
	
	
	APM
	PPM
	SPM

	1
	Harsha & Chandrashekar, 2015
	India
	96
	14.90±4.40
	10.50±3.70
	7.00±2.20

	2
	Priya et al., 2014
	India
	56
	12.65±3.58
	
	

	3
	Saha & Roy, 2018
	India
	52
	21.90±5.90
	13.90±6.30
	9.50±3.80

	4
	Hospatana et al., 2014
	India
	15
	13.00±4.00
	9.80±4.00
	5.50±2.00

	5
	Kumar et al., 2015
	India
	36
	15.40 ±2.70
	9.70±2.50
	2.10±1.00

	6
	Nigri et al., 2001
	USA
	79
	19.16
	11.53
	5.59

	7
	Farzana et al., 2015
	Bangladeshi
	80
	16.00±2.50
	13.70±3.40
	8.10±3.50

	8
	Bhadoria et al., 2022
	India
	50
	12.71±3.81
	12.40±3.03
	1.67±0.48

	9
	Present Study
	Nigeria
	23
	13.90±4.84
	12.76±5.86
	11.23±5.76



Table 5: Comparison of the mean breadth of the right papillary muscles in different populations
	S/N
	Study
	Population
	N
	Mean Breadth (mm)

	
	
	
	
	APM
	PPM
	SPM

	1
	Harsha & Chandrashekar, 2015
	India
	96
	8.20±2.10
	6.30±1.70
	4.80±1.60

	2
	Priya et al., 2014
	India
	56
	4.04±1.53
	
	

	3
	Saha & Roy, 2018
	India
	52
	7.60±2.60
	6.70±4.30
	5.90±0.90

	4
	Kumar et al.,2015
	India
	36
	4.20±1.10
	3.00±0.90
	1.10±0.10

	5
	Bhadoria et al., 2022
	India
	50
	6.92±2.55
	7.46±2.75
	1.08±0.72

	6
	Present Study
	Nigeria
	23
	5.94±3.91
	6.26±3.08
	6.24±2.49



The present study highlights important findings regarding the dimensions of the right ventricle's papillary muscles. Specifically, it notes that the anterior papillary muscle has the greatest length, followed by the posterior muscle, while the septal muscle is the shortest (Table 4). This observation aligns with previous research conducted in different populations (Harsha and Chandrashkar, 2015; Kumar et al., 2015; Nigri et al., 2001; Farzana et al., 2015). The greater length of the anterior papillary muscle may suggest its significant role in maintaining ventricular stability and optimizing tricuspid valve function by providing enhanced leverage or tension control, suggesting an area for further functional and biomechanical research. In contrast, our study revealed that the anterior papillary muscle exhibits the smallest breadth, a result that diverges from earlier studies as shown in Table 5, thereby underscoring the need for additional investigations to clarify these dimensional discrepancies and their potential impact on cardiac performance.

4. Conclusion
In conclusion, the findings indicate that the anterior and posterior papillary muscles of the left ventricle are larger in both length and width compared to those in the right ventricle. This reflects the left ventricle’s higher pressure workload requiring a great deal of mitral valve support. Additionally, within the right ventricle, the anterior papillary muscle is longer than both the posterior and septal muscles, while the posterior muscle is the widest. These differences may relate to attachments like the moderator band. Understanding these anatomical differences is crucial for clinical assessments and surgical planning, as they can influence heart function and treatment responses. Clinicians and researchers should take these disparities into account when analyzing cardiac imaging or planning interventions. Further studies could investigate how these variations impact overall heart performance and patient outcomes.
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