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Abstract 

Introduction: The triangle of auscultation (TA) is an area on the back delimited by the scapula, trapezius muscle, 

and latissimus dorsi muscle. Due to its thinner thickness, it facilitates pulmonary auscultation and surgical procedures, 

reducing complications and pain. The blood and nerve supply to the TA is provided by the thoracodorsal, superficial 

cervical, and dorsal scapular arteries, and by the thoracodorsal, accessory, and spinal nerves C3 to C4. This study 

aims to perform a morphological and morphometric analysis of the triangle of auscultation.  

Materials and Methods: The sample included 40 fetuses (20 male and 20 female), totaling 80 TAs. To determine the 

gestational age of the fetus, the hallux-calcaneal length measurement was used. In the morphological analysis, the 
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TAs were classified as acute-angled, right-angled, or obtuse-angled based on the margins and internal angles. For the 

morphometric analysis, a caliper was used to measure the length of the margins of the scapula, latissimus dorsi, and 

trapezius. Statistical analysis was performed based on the generalized linear model and the G test.  

Results: It was found that the mean gestational ages of the female and male fetuses were 28.94 (3.23) and 28.38 

(3.82) weeks, respectively. Homogeneity of the measurements of the area, perimeters, and margins of the TA was 

demonstrated in relation to both the side of the triangle and the sex of the fetus. Gestational age stood out as a 

variable with significant influence on the characteristics of the triangle.  

Conclusion: Through the morphological and morphometric analysis of the TA, it was demonstrated that variables such 

as sex, side, and morphology do not have significant influence, but age stood out as a factor influencing the margins, 

perimeter, and area. 

Key words: translational anatomy; thorax; chest; back muscles 

 

 

Introduction 

The pulmonary auscultation triangle (TA) is a clinically 

valuable region located dorsally on each side of the trunk. 

The area is bounded: medially by the lateral border of the 

lower part of the trapezius; laterally by the vertebral 

border of the scapula; and inferiorly by the superior margin 

of the latissimus dorsi muscle [1]. Deeply, forming the floor 

of the triangle are the rhomboid major, iliocostal muscles, 

and fascial lamina. These two muscles form the first layer 

of tissue towards the interior of the thoracic cavity. 

Forming a second layer are the 7th intercostal space and 

the 6th and 7th ribs [2]. 

Due to its thinner thickness, the TA offers low resistance for 

thoracic sound auscultation and mechanical resistance to 

surgical procedures, making it useful for a wide range of 

invasive approaches to the thorax [3]. Access to internal 

thoracic structures through thoracotomy or thoracoscopic 

surgery, pleurectomy, lobectomy, tumor excision in the 

ventral scapular region, and nerve blocks are some of the 

surgical procedures that result in lower risks of 

complications and are less painful for the patient when 

performed through this triangle [4-8] . In addition, it can 

provide a shorter postoperative period and a faster 

recovery.  

The blood and nerve supply of the triangle are the same as 

those structures that anatomically form it. The 

thoracodorsal artery is responsible for vascularizing the 

latissimus dorsi muscle, and the superficial cervical artery 

and the dorsal scapular artery are responsible for the 

trapezius and rhomboid major muscles, respectively [1]. 

Regarding nerve supply, the thoracodorsal nerve, accessory 

nerve, and spinal nerves C3 to C4, as well as the dorsal 

scapular nerve, are responsible for the innervation of the 

latissimus dorsi, trapezius, and rhomboid major muscles 

[1].  

Knowledge of thoracic anatomical regions is important for 

clinical assessment, diagnosis, and therapeutic success. 

Despite the knowledge about the area of the auscultation 

triangle, its morphometric evaluation has not been properly 

characterized. The objective of this study was to conduct a 

morphological and morphometric analysis of the pulmonary 

auscultation triangle. 

Materials And Methods 

Forty human fetuses belonging to the Laboratory of Human 

Anatomy of the Federal University of Sergipe in Sergipe, 

Brazil were used. The fetuses were obtained according to 

Law 8.501 of 1992, which deals with the use of unclaimed 

cadavers for studies and research. Fetuses of both sexes (20 

male and 20 female) were included, which were fixed in 

formalin, and showed no evidence of gross abnormalities of 

the chest. The gestational age of fetuses was obtained from 

the equation GA=8.2982 + (0.38764 F), in which GA is the 

gestational age and F is the measure of the length of the 

calcaneus-hallux[9] that was measured with a digital caliper 

of precision of 0.01 mm. 

Morphological Analysis 

A total of 80 TAs were analyzed. For the morphological 

analysis, the margin of the scapula, the trapezius muscle, 

the latissimus dorsi and the internal angles of the TA were 

observed with the naked eye, to classify them in 3 types: 

Type I) Acute-angled: all internal angles less than 90º. 

Type II) Obtuse-angled: one of the internal angles greater 

than 90º. 

Type III) Right-angled: one of the internal angles was 

approximately 90º. 

After morphological observation, the fetuses were 

photographed. Each of them was placed on a smooth and 

non-reflective surface and, to avoid distortion, it was 

positioned in the center of the lens with the camera in a 

position perpendicular to the surface of the TA. Images 

were obtained using a Nikon 5100 digital camera (Canon 

Inc., Japan) with a 100mm macro lens. 

Morphometric Analysis  

Under natural light, using a digital caliper with precision of 

0.01 mm, measurements were made of the length of the 

margins of the scapula, the trapezius, the latissimus dorsi 

and the height of the TA in relation to the latissimus. The 

area and perimeter of the TAP were calculated based on 

taking the following measures:   

Area of the TA = (length of the latissimus x height of the 

TA) / 2 

Perimeter of the TA = sum of the lengths of the medial 
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margin of the scapula + trapezius + latissimus dorsi. All the steps of the methodology are shown in figure 1. 

 

 

 
Figure 1: Illustration of the methodological steps from dissection to calculation of the area and perimeter of the auscultation triangle and 

gestational age. 

 

Statistical Analysis  

The sample characteristics were utilized through 

descriptive measures such as minimum and maximum 

values, median, quartiles, mean, and standard deviation. 

The generalized linear model was used for the treatment of 

non-parametric and multivariable sampling, which allowed 

the association between a dependent variable and 

independent variables. Thus, a bilateral analysis of the 

area, perimeter, and length of the TA margins was 

performed based on the sex and age of the fetus. To 

evaluate whether there was a difference between the 

quantity of triangle types between the right and left sides, 

as well as between male and female sexes, the G Test was 

used. Simple linear regression was used to explain the 

relationship between the respective margins of the triangle 

on each side. The analyses were carried out using the 

BioEstat 5.3 software. 

Results  

Eighty TA from forty human fetuses were analyzed, twenty 

males and twenty females. The mean and median 

gestational ages of the fetuses were 28.66 (3.51) and 28.16 

[25.97; 31.02] weeks, respectively. In the analysis of the TA 

data, a similar measurement of the area, perimeters, and 

lengths of the TA margins was observed between the sides 

(Table 1). 

 

 
 

Table 1: Measurements of the margins, perimeter, and area of the TA according to the side. 
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In the analysis of gestational age according to sex, it was 

found that the mean gestational ages of female and male 

fetuses were 28.94 (3.23) and 28.38 (3.82) weeks, 

respectively. A slightly larger perimeter, area, and lengths 

of the TA margins were found in male fetuses; however, 

these were insufficient to demonstrate heterogeneity 

(Table 2). 

 
Table 2: Measurements of the area, perimeter, and margins of the TA according to the sex of the fetus. 

 

Fetal gestational age had a significant influence on the perimeter (p = 0.0004), area (p = 0.0001), and lengths of the trapezius 

margin (p = 0.0003), latissimus dorsi (p = 0.0074), and scapula (p = 0.0035), indicating an increase in these measurements 

with age (Figure 2).  
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RSM - Right Scapular Margin  

LSM - Left Scapular Margin  

RLM - Right Latissimus Margin  

LLM - Left Latissimus Margin  

RTM - Right Trapezius Margin   

LTM - Left Trapezius Margin  

RA - Right Area  

LA - Left Area  

RP - Right Perimeter  

LP - Left Perimeter 

Figure 2: Scatter plots showing the influence of gestational age on the morphometric measurements of the TA. 
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On the other hand, variables such as side and sex did not 

have a significant impact on the TA measurements. 

Regarding the morphology of the triangle of auscultation, 

there was homogeneity in the types of triangles observed, 

on the right and left sides (p = 0.1506), as well as between 

sexes (p = 0.1244). On the right side, 35.0% of the triangles 

were acute-angled, 20.0% obtuse-angled, and 45.0% right-

angled. On the left side, 52.5% were acute-angled, 22.5% 

obtuse-angled, and 25.0% right-angled (Figure 3).  

 

 

 
Figure 3: Morphological types of the TA 

 

A) Acute-angled  

B) Right-angled  

C) Obtuse-angled 

The morphometric analysis based on the types of triangles can be seen in Table 3. 

 

https://sciencefrontier.org/journals/clinical-case-studies-and-review-reports
https://sciencefrontier.org/journals/clinical-case-studies-and-review-reports


 

ScienceFrontier Publishing LLC, 

                                                                                                                                                                                                                       

https://sciencefrontier.org/journals/cli

nical-case-studies-and-review-reports  

                                 7  

 

 
Table 3: Measurements of the perimeter, area, and margins of the TA according to morphology. 

 

 

Discussion 

The pulmonary auscultation triangle (TA) is an anatomical 

region present dorsally on each side of the trunk, 

characterized by having a thinner muscle mass, thus 

facilitating pulmonary auscultation. For this purpose, the 

patient should be instructed to cross their arms over their 

chest and lean forward. Additionally, this area of pulmonary 

auscultation serves as a field for surgical procedures, 

ensuring easy access and good patient recovery. 

Among these procedures, thoracotomy stands out: a 

surgical procedure to open the chest that allows access to 

internal structures such as the lungs, heart, and vascular 

structures[1]. In this context, Buratto and Konstantinov [10] 

mentioned that thoracotomy performed in children with 
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aortic coarctation is usually done via a posterolateral 

approach, involving the incision of the latissimus dorsi and 

serratus anterior muscles, while the approach through the 

auscultation triangle ensures that these muscles are spared, 

without compromising the repair of the coarctation. 

Khan et al., [11] compared thoracotomy via the triangle of 

auscultation with posterolateral thoracotomy, highlighting 

the difference between the incision and preservation of the 

latissimus dorsi muscle. These authors noted that patients 

undergoing the procedure via this triangle had greater 

preservation of shoulder adduction, a movement in which 

the latissimus dorsi muscle is the major contributor. 

Caronia et al., [12] compared uniportal video-assisted 

lobectomy performed via anterior, posterior through the 

auscultation triangle, and posterior via the posterior 

axillary line. It has been discussed that access via the 

axillary line would enable better visualization of the 

pulmonary hilum compared to the anterior incision video-

assisted surgery technique. Additionally, the procedure via 

the triangle would enable a quick transition to video-

assisted thoracotomy for surgeons unfamiliar with this 

access but who use the traditional posterolateral approach. 

Diaz and Azar [13] discussed the use of the TA in video-

assisted chest wall stabilization surgeries, highlighting the 

non-division of muscles and lower morbidity. In procedures 

performed on cadavers, they pointed out that in cases of 

lateral and posterolateral rib fractures, the triangle of 

auscultation would facilitate the surgery. 

Other studies have sought more possibilities for procedures 

performed through the triangle of auscultation, such as in 

cases of esophageal atresia, lobectomy, and 

pleurectomy[4,7,14]. Thus, the variety of procedures that 

the triangle enables is highlighted, as well as benefits such 

as a shorter postoperative recovery period. 

The trapezius margin was the longest, followed by the 

latissimus dorsi margin, and lastly, the scapular margin. 

Additionally, the average area of the triangles was 

homogeneous regardless of the morphological types. The 

statistical analysis showed no significant differences 

regarding the sides of the triangles, morphology, or the sex 

of the fetus. However, it highlighted the influence of age 

on the development of the triangle, as the three margins of 

the triangle, the area, and perimeter increased with 

gestational age. From a clinical perspective, there would be 

no difference in interventions made through the triangle 

between men and women, or on the right or left side. 

However, access to the thoracic region would be facilitated 

according to the individual's age, considering the larger 

area of the triangle. It is also worth noting that patients 

under one year of age who undergo thoracotomy have a 

higher risk of subsequent scoliosis due to the probable 

influence of stress on the ribs and the costovertebral 

joint[15]. Nevertheless, there are reports of procedures 

performed on children through the triangle, highlighting 

greater muscle conservation and better scoliosis outcomes 

compared to conventional thoracotomies[16]. 

The described applications indicate that more anatomical 

studies on the triangle of auscultation are necessary to 

better explore this anatomical area clinically and surgically. 

Conclusion 

The TA facilitates access to thoracic structures, enabling 

invasive procedures and examination through auscultation. 

In the present study, the morphological and morphometric 

analysis of the triangle demonstrated that variables such as 

sex, side, and morphology do not have a significant 

influence, but age stood out as a factor influencing the 

margins, perimeter, and area. More anatomical studies and 

clinical observations need to be conducted to verify how 

these factors can enhance procedures in patients. 
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