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Abstract

Objectives: The Pulmonary Auscultatory Triangle (PAT) is a bilateral region on the back
delimited by the trapezius, latissimus dorsi, and scapula. Beyond its relevance for pul-
monary auscultation, PAT also represents an important anatomical window for posterior
thoracic approaches. While its anatomy has been extensively described in adults, data on
its developmental morphology during fetal life remain scarce. This original morphomet-
ric study aimed to characterize the morphometry and morphology of the PAT in human
fetuses and to evaluate differences according to sex, side, and gestational age. Methods:
A total of 80 PATs from 40 human fetuses (20 male and 20 female) were examined. Using
ImageJ software 1.54k, we measured margin lengths (inferior trapezius, medial scapular,
and superior latissimus), area, and perimeter. Morphological classification was performed
based on internal angles. Associations with sex, side, and gestational age were statistically
assessed. Results: The mean gestational age was 28.6 weeks. PAT had a mean area of
103.2 mm2 and a mean perimeter of 49.1 mm. Mean margin lengths were 20.1 mm for the
trapezius, 12.4 mm for the scapular margin, and 16.6 mm for the latissimus dorsi. Three
morphologies were observed: acute (42.5%), obtuse (25.0%), and rectangular (32.5%). A
significant asymmetry in shape distribution was found between sides (p = 0.034). Weak but
statistically significant positive correlations with gestational age were found for perimeter
and for the trapezius and latissimus dorsi margins, indicating progressive enlargement
with fetal growth. Conclusions: This study provides the first detailed morphometric and
morphological description of the PAT in human fetuses. The findings establish a develop-
mental anatomical baseline for the posterior thoracic wall and highlight growth-related
changes and side-related variability.

Keywords: thoracic wall; surgical anatomy; fetal thoracic morphology; minimally invasive
techniques; thoracic muscles
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1. Introduction
The Pulmonary Auscultatory Triangle (PAT) is a bilateral triangular region on the

dorsal surface, bounded by the inferior margin of the trapezius muscle, the superior margin
of the latissimus dorsi muscle, and the medial border of the scapula. Its floor is formed by
the rhomboid major muscle and, occasionally, by the erector spinae muscle. However, the
literature shows inconsistencies regarding its precise boundaries [1].

The PAT occupies a strategically important region on the posterior thoracic wall. It
overlies the inferior pulmonary lobe and its segments, thereby enhancing posterior aus-
cultation sensitivity. In addition, it serves as a key anatomical landmark for pulmonary
auscultation and posterior thoracic access [2,3]. Its clinical relevance extends to surgi-
cal practice, particularly because posterior or posterolateral approaches through the
PAT allow access to thoracic structures while preserving major muscles. This muscle-
sparing characteristic underlies its classification as a minimally invasive approach,
associated with reduced tissue trauma and favorable postoperative outcomes [4–14].
Given these anatomical and clinical implications, a detailed morphometric characteri-
zation of the PAT is essential to support safer and more precise clinical and surgical
interventions [13–16].

Although the clinical relevance of the PAT is well established in adult thoracic ex-
amination, surgery, and regional anesthesia, its developmental anatomy during the fetal
period remains poorly characterized. Most available studies addressing thoracic anatomy
in fetuses focus on lung development, thoracic dimensions, or other anatomical landmarks,
with little attention given to the morphometric configuration of the PAT. To date, detailed
fetal morphometric data on the PAT are scarce, and its developmental variability, symmetry,
and dimensional relationships during gestation are largely unexplored. Understanding
fetal PAT morphometry is relevant not only from a developmental anatomy perspective
but also as a baseline for postnatal anatomical maturation and future translational studies
correlating fetal, neonatal, and pediatric thoracic anatomy. In this context, the present
study provides an original morphometric analysis of the fetal PAT, aiming to fill this gap by
systematically characterizing its dimensions and morphology, considering sex, side, and
gestational age. and side-related differences.

2. Materials and Methods
Sample.
Morphometric and morphological analysis was performed on a total of 80 PATs

(Figure 1), obtained from 40 human fetuses from the Anatomy Laboratory of the Mor-
phology Department, Federal University of Sergipe. The sample comprised 20 male and
20 female fetuses. Inclusion criteria included fetuses with well-preserved dorsal anatomy
with intact lower limbs. Fetuses presenting congenital defects of the posterior thoracic wall,
such as myelomeningocele or spina bifida, or with other macroscopic alterations of the
dorsum, were excluded. Fetuses lacking lower limbs were also excluded.

The triangle is bordered superiorly by the trapezius muscle (T), laterally by the scapula
(S), and inferiorly by the latissimus dorsi muscle (LD). The floor is formed by the rhomboid
major muscle (RM).

Ethical Statement.
The study was conducted in accordance with the ethical principles outlined in the

Declaration of Helsinki and complied with institutional and national regulations governing
the ethical use of human cadaveric material for research and educational purposes. In
Brazil, Law No. 8.501, enacted on 30 November 1992, regulates the donation of unclaimed
bodies by public hospitals (fetuses) or forensic medical institutes to universities for teaching
and scientific research purposes. In such cases, the requirement for informed consent is
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waived, as the law provides the legal framework for the ethical use of unclaimed cadaveric
material in academic and scientific contexts.

 

Figure 1. Posterior view of the thoracic region showing the anatomical limits of the PAT.

Determination of Gestational Age.
A non-probability convenience sampling method was applied. Fetal ages were calcu-

lated using the formula derived from Goldstein’s studies [17] (Gestational
Age = 8.2982 + 0.38764 × Fetal Foot Length). Hallux–calcaneal length was measured
with a digital caliper (0.01 mm precision).

Dissection and Photographic Documentation.
After dissection of the dorsum, focusing on the triangle region, photographs were

taken. A ruler was included in each image to provide a scale for accurate measurements
with ImageJ software. This allowed precise delimitation of the PAT (Figure 2) and measure-
ment of its margins (inferior trapezius, medial scapular, and superior latissimus).

 

Figure 2. Precise delimitation of the Pulmonary Auscultatory Triangle margins in human fetuses
using ImageJ software.
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Triangle Delimitation and Measurements.
In addition to measuring the margins of the muscles, the area, perimeter, and mor-

phological shape of the PAT (Figure 3) were also determined. PATs were classified as
acute triangles (angles < 85◦), obtuse triangles (one angle > 95◦), or right-angled triangles
(approximately 90◦, ±5◦ tolerance). Data were organized in a spreadsheet for statistical
analysis, focusing on correlations between measurements and the variables of age, sex,
and side.

 

Figure 3. Morphometric analysis of the Pulmonary Auscultatory Triangle with ImageJ: measurement
of margins, perimeter, and area. (1) Scapular margin length; (2) Sum of scapular margin length and
trapezius margin length; (3) Perimeter; (4) Area.

Intra-observer reliability.
All ImageJ tracings and morphometric measurements were performed by a single

trained observer to ensure methodological consistency, following a standardized measure-
ment protocol. To assess intra-observer reliability, a randomly selected subset of 20% of
the images (no. = 16) was reanalyzed by the same observer after a 15-day interval under
blinded conditions. Measurement repeatability was quantified using the Intraclass Correla-
tion Coefficient (ICC), adopting a two-way random-effects model with absolute agreement
for a single rater (ICC 2,1). In addition, the Technical Error of Measurement (TEM) and the
relative Technical Error of Measurement (rTEM) were calculated to provide complementary
estimates of absolute and relative measurement precision.

Photographic Acquisition and Standardization.
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Photographic documentation was performed using a digital camera, with images
acquired at high resolution to ensure clear visualization of anatomical landmarks. The
distance between the camera and the specimen was kept constant across all acquisitions.

Uniform lighting conditions were applied to reduce shadows and reflections. A metric
scale was included in all images to allow spatial calibration during subsequent ImageJ
analysis. This standardized photographic protocol was adopted to optimize measurement
accuracy and reproducibility.

Statistical Analysis.
Descriptive statistics were applied to summarize the variables, including mean, me-

dian, standard deviation, interquartile range, and absolute and relative frequencies. The
Chi-square test was employed to investigate the association between different categorical
variables, allowing for the assessment of whether observed frequencies differed from ex-
pected frequencies, thereby indicating potential statistically significant associations between
the variables [18]. Normality of the quantitative data was assessed using the Shapiro–Wilk
test [19]. As the data did not follow a normal distribution, non-parametric methods were
adopted. Specifically, the Wilcoxon–Mann–Whitney test was applied to compare medians
between two independent groups [20], and Spearman’s rank correlation coefficient was
used to assess the strength and direction of associations between continuous variables [21].
Confidence intervals (95%) were calculated for Spearman correlation coefficients to provide
estimates of precision.

All statistical analyses were performed in the R environment (version 4.3.2) [22], with
the significance level set at 5% (p < 0.05).

A priori sample size calculation or power analysis was not performed, as the study
was based on the availability of fetal specimens meeting strict inclusion criteria. This
approach is consistent with exploratory descriptive studies in developmental anatomy.

To facilitate interpretation, statistically significant findings are explicitly highlighted
in the text, while complete numerical data are provided in the tables.

3. Results
Intra-observer reliability.
The numerical results of the intra-observer reliability analysis are presented in Table 1.

The intraclass correlation coefficients (ICC 2,1) ranged from 0.967 to 0.986 across all morpho-
metric variables, indicating excellent measurement repeatability. Additionally, the relative
Technical Error of Measurement (rTEM) ranged from 3.48% to 5.54%, demonstrating low
measurement error in relation to the biological variability of the sample and supporting the
robustness of the morphometric protocol.

Table 1. Intra-observer reliability and measurement error indices for the morphometric variables of
the PAT.

Characteristics ICC (2, 1) [95% CI] TEM (abs) rTEM (%) p-Value

Triangle Area (mm2) 0.982 [0.950; 0.994] 4.572 5.54% <0.001

Perimeter of Triangle (mm) 0.970 [0.915; 0.989] 1.800 4.04% <0.001

Trapezius Triangle Margin Length (mm) 0.967 [0.910; 0.988] 0.858 4.78% <0.001

Scapula Triangle Margin Length (mm) 0.969 [0.914; 0.989] 0.379 3.51% <0.001

Latissimus Triangle Margin Length (mm) 0.986 [0.960; 0.995] 0.551 3.48% <0.001
Note: ICC (2, 1) = Intraclass Correlation Coefficient (two-way random effects, absolute agreement, single rater
model); 95% CI = 95% confidence interval; TEM (abs) = absolute Technical Error of Measurement, calculated as
TEM =

√
(Σd2/2n); rTEM (%) = relative Technical Error of Measurement, calculated as (TEM/grand mean) × 100;

p-value = statistical significance of the ICC. ICC values > 0.90 indicate excellent reliability, and rTEM values < 5.0%
indicate high measurement precision in morphometric studies.
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Sample Characteristics.
The mean gestational age of the fetuses was 28.6 ± 3.5 weeks, with a median of

28.2 weeks (IQR: 26.0–31.0). The mean area of the PAT was 103.2 ± 52.1 mm2 (median:
97.7 mm2; IQR: 67.1–123.0), and the mean perimeter was 49.1 ± 12.0 mm (median: 49.3 mm;
IQR: 40.4–55.3).

General Morphometry and Morphological Classification of the PAT.
The trapezius margin measured 20.1 ± 5.2 mm, with a median of 20.3 mm (IQR:

16.1–22.8). The scapular margin measured 12.4 ± 3.2 mm, with a median of 12.1 mm (IQR:
10.4–13.8). The latissimus dorsi margin measured 16.6 ± 4.9 mm, with a median of 16.7 mm
(IQR: 13.0–18.9). Regarding morphology, 42.5% of the triangles were classified as acute,
25.0% as obtuse, and 32.5% as rectangular (Figure 4).

 

Figure 4. Mosaic of PAT Shapes obtained from the dissection of 40 human fetuses (80 PATs in total,
right and left sides). The images illustrate the morphological variability of the triangles, which were
classified as acute, obtuse, or approximately right-angled based on their internal angles. This panel
provides a comprehensive visual representation of the range of anatomical presentations observed in
the sample.

Sex-Related Comparisons.
Regarding sex, the mean gestational age was 28.9 ± 3.2 weeks for female fetuses and

28.4 ± 3.8 weeks for male fetuses. The median age was 29.6 weeks (IQR: 25.8–31.1) for
females and 27.5 weeks (IQR: 26.1–30.8) for males. No significant difference was found
between groups (p = 0.410).

The mean area was 97.6 ± 36.8 mm2 in females and 108.9 ± 63.9 mm2 in males. The
medians were nearly identical (97.7 mm2 vs. 98.0 mm2), with overlapping IQRs and no
significant sex-related difference (p = 0.684).

The mean perimeter was 48.7 ± 9.7 mm in females and 49.5 ± 14.0 mm in males,
with medians of 49.7 and 49.3 mm, respectively. The IQRs were similar, and no significant
difference was observed (p = 0.973).

The trapezius margin measured 20.2 ± 4.4 mm in females and 20.1 ± 6.0 mm in males,
without statistically significant differences (p = 0.785). The scapular margin measured
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12.1 ± 2.6 mm in females and 12.8 ± 3.7 mm in males, also without significant difference
(p = 0.303). The latissimus margin measured 16.5 ± 4.1 mm in females and 16.7 ± 5.7 mm
in males, with no significant difference (p > 0.999).

Regarding morphology, no sex-related differences were observed (p = 0.298) (Table 2).
Detailed morphometric values by sex and side are summarized in Tables 2 and 3.

Table 2. Correlation of the Triangle with Sex.

Sex

Characteristics Total, N = 80 Female, N = 40 Male, N = 40 p Value

Age
Mean (Standard Deviation)
Median [IA]

28.6 (3.5)
28.2 [26.0, 31.0]

28.9 (3.2)
29.6 [25.8, 31.1]

28.4 (3.8)
27.5 [26.1, 30.8]

0.410 1

Side, n/(%)
Right
Left

40/(50.0%)
40/(50.0%)

20/(50.0%)
20/(50.0%)

20/(50.0%)
20/(50.0%)

>0.999 2

Triangle Area (mm2)
Mean (Standard Deviation)
Median [IQR]

103.2 (52.1)
97.7 [67.1, 123.0]

97.6 (36.8)
97.7 [66.8, 110.4]

108.9 (63.9)
98.0 [70.1, 135.7]

0.684 3

Perimeter of Triangle (mm)
Mean (Standard Deviation)
Median [IQR]

49.1 (12.0)
49.3 [40.4, 55.3]

48.7 (9.7)
49.7 [41.6, 54.0]

49.5 (14.0)
49.3 [39.4, 55.8]

0.973 3

Trapezius Triangle Margin Length (mm)
Mean (Standard Deviation)
Median [IQR]

20.1 (5.2)
20.3 [16.1, 22.8]

20.2 (4.4)
20.6 [17.1, 22.1]

20.1 (6.0)
20.1 [15.2, 22.9]

0.785 3

Scapula Triangle Margin Length (mm)
Mean (Standard Deviation)
Median [IQR]

12.4 (3.2)
12.1 [10.4, 13.8]

12.1 (2.6)
11.5 [10.2, 13.3]

12.8 (3.7)
12.6 [10.6, 14.2]

0.303 1

Latissimus Triangle Margin Length (mm)
Mean (Standard Deviation)
Median [IQR]

16.6 (4.9)
16.7 [13.0, 18.9]

16.5 (4.1)
16.8 [13.0, 18.5]

16.7 (5.7)
16.3 [13.3, 19.5]

>0.999 1

Triangle Morphology, n/(%)
Acute
Obtuse
Rectangle

34/(42.5%)
20/(25.0%)
26/(32.5%)

15/(37.5%)
13/(32.5%)
12/(30.0%)

19/(47.5%)
7/(17.5%)

14/(35.0%)

0.298 2

1 Wilcoxon rank sum test. 2 Chi-square test of independence. 3 Wilcoxon rank sum exact test. Legend: n—Absolute
frequency. N—Valid data. %—Percentage. SD—Standard Deviation. IQR—Interquartile Range.

Table 3. Correlation of the Triangle with Side.

Side

Characteristics Right, N = 40 Left, N = 40 p Value

Age
Mean (Standard Deviation)
Median [IQR]

28.6 (3.5)
28.2 [26, 31]

28.6 (3.5)
28.2 [26, 31]

>0.9991

Triangle Area (mm2)
Mean (Standard Deviation)
Median [IQR]

98 (43)
102.1 [66.4, 113.4]

108 (60)
93.7 [68.4, 135.7]

0.852 2
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Table 3. Cont.

Side

Characteristics Right, N = 40 Left, N = 40 p Value

Triangle Perimeter (mm)
Mean (Standard Deviation)
Median [IQR]

48.7 (11)
50.6 [41.7, 54.3]

49.5 (13)
47.2 [39.7, 56.9]

0.807 2

Trapezius Triangle Margin Length (mm)
Mean (Standard Deviation)
Median [IQR]

20.2 (4.6)
20.7 [16.6, 22.9]

20 (5.8)
19 [15.7, 22.5]

0.424 2

Latissimus Triangle Margin Length (mm)
Mean (Standard Deviation)
Median [IQR]

16.6 (5.2)
17.3 [13.3, 18.6]

16.5 (4.7)
16 [13, 19.1]

0.777 1

Triangle Morphology, n/(%)
Acute
Obtuse
Rectangular

12/(30%)
10/(25%)
18/(45%)

22/(55%)
10/(25%)
8/(20%)

0.034 3

1 Wilcoxon rank sum test. 2 Wilcoxon rank sum exact test. 3 Chi-square test of independence. Legend: n—Absolute
frequency, N—Valid data, %—Percentage, SD—Standard Deviation, IQR—Interquartile Range.

Side-Related Comparisons (Right vs. Left).
Comparing sides, the mean area was 98.5 ± 43.0 mm2 for right-sided triangles and

108.0 ± 60.0 mm2 for left-sided triangles. The medians were 102.1 mm2 for the right
side and 93.7 mm2 for the left side, with overlapping IQRs and no significant difference
(p = 0.852).

The mean perimeter was 48.7 ± 11.0 mm on the right and 49.5 ± 13.0 mm on the left.
The medians were 50.6 and 47.2 mm, respectively, with similar IQRs and no significant
difference (p = 0.807).

The trapezius margin measured 20.2 ± 4.6 mm on the right and 20.0 ± 5.8 mm on the
left, with medians of 20.7 and 19.0 mm, respectively, showing no statistically significant
difference (p = 0.424). The scapular margin measured 11.9 ± 2.6 mm on the right and
13.0 ± 3.6 mm on the left, with medians of 11.7 and 12.3 mm, respectively, with no statis-
tically significant difference (p = 0.172). The latissimus dorsi margin was similar on both
sides, measuring 16.6 ± 5.2 mm on the right and 16.5 ± 4.7 mm on the left, with medians
of 17.3 and 16.0 mm, respectively, also with no statistically significant difference (p = 0.777).

A statistically significant asymmetry in PAT morphology was observed between sides
(p = 0.034), with acute configurations predominating on the left side (55.0%) and rectangular
configurations more frequent on the right side (45.0%) (Table 3).

Correlation with Gestational Age.
Gestational age showed significant positive correlations with several morphometric

parameters. The strongest association was observed for the trapezius margin length
(R = 0.31, p = 0.005), followed by the triangle perimeter (R = 0.29, p = 0.009) and latissimus
dorsi margin length (R = 0.22, p = 0.048). These findings indicate progressive enlargement
of specific PAT dimensions with advancing fetal age (Figure 5).
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Figure 5. Scatter plots show the correlation between gestational age and the morphometric parameters
of the PAT. Each point represents a single PAT measurement. Regression lines are included to illustrate
trends. Significant positive correlations were observed for the perimeter (R = 0.29; p = 0.009), trapezius
margin length (R = 0.31; p = 0.005), and latissimus dorsi margin length (R = 0.22; p = 0.048). No
significant correlations were found for the area (R = 0.22; p = 0.051) or scapular margin length
(R = 0.20; p = 0.071). TA—Triangle Area, TP—Triangle Perimeter, TTML—Trapezius Triangle Margin
Length, STML—Scapula Triangle Margin Length, LTML—Latissimus Triangle Margin Length.

4. Discussion
Developmental Anatomy of the PAT in Fetuses.
The PAT represents a triangular region defined by the spatial relationship between the

trapezius muscle, latissimus dorsi muscle, scapula, and underlying thoracic wall. In fetuses,
these anatomical structures are subject to continuous growth, positional remodeling, and
proportional changes throughout gestation. Unlike adult anatomy, fetal musculoskeletal
organization is characterized by ongoing migration of muscle insertions, scapular rotation,
and progressive expansion of the posterior thoracic wall [15,17]. Consequently, variability
in both the size and morphology of the PAT during fetal life is expected and reflects normal
developmental dynamics rather than fixed anatomical configurations.

The present study contributes to the literature by providing one of the first detailed
morphometric characterizations of the PAT in human fetuses. Most previous investigations
have focused on adult surgical anatomy or clinical applications such as auscultation and
thoracic interventions, leaving a gap in knowledge regarding the prenatal morphology of
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this region [4–14]. By documenting fetal PAT dimensions and shapes, this study establishes
a developmental baseline that may inform future anatomical, imaging, and clinical research.

Clinical Significance and Surgical Implications.
Such knowledge may facilitate pulmonary auscultation for clinicians and assist sur-

geons in selecting optimal approaches during procedures involving this region. Surgical
approaches through the PAT typically employ a posterior or posterolateral incision [13].
This approach avoids the division of muscles such as the latissimus dorsi, serratus anterior,
and trapezius, thereby rendering it minimally invasive [8,15]. This access provides wide
exposure to posterior, lateral, and subscapular fractures [5], as well as excellent exposure
of the pleura, thoracic cavity, and posterior mediastinum [8]. Because ribs from the third
to the seventh are the most frequently fractured, given their exposed anatomical position,
they are particularly susceptible to injury [23]. Fractures extending to the second posterior
rib can also be reached via a PAT incision, which offers a strategic advantage by creating a
horizontal, tunnel-like space that ensures complete visualization of the fracture [23]. Such
exposure can often be achieved with minimal retraction of the PAT’s muscular borders
using percutaneous and right-angle instruments [5]. In cases of thoracic trauma with
associated rib fractures, internal fixation through the PAT has proven more effective than
external fixation, with benefits including lower surgical site infection rates, faster wound
healing, reduced wound dehiscence, shorter hospital stays, and quicker recovery [23].
However, it is worth noting that more cephalic or caudal fractures may still necessitate
partial or complete division of overlying muscles during PAT access [5]. Standard postero-
lateral muscle-cutting thoracotomies in pediatric patients are associated with morbidities in
terms of unsatisfactory motor and aesthetic outcomes and a greater need for postoperative
analgesia when compared to the muscle-preserving technique [24].

Overall, PAT-based offers less postoperative pain, improved shoulder function, and
earlier hospital discharge [10], with low bleeding and excellent exposure for repairs, reduc-
ing delayed healing, residual muscle weakness and wound dehiscence [8].

PAT anatomy and contemporary regional anesthesia applications.
Beyond its traditional surgical applications, the PAT has gained renewed clinical rele-

vance in contemporary regional anesthesia. Recent studies have described the use of the
triangle of auscultation as a key anatomical landmark for rhomboid intercostal and rhom-
boid intercostal-subserratus plane blocks, which provide effective analgesia for thoracic
surgery, rib fractures, and thoracic wall pain. These ultrasound-guided techniques rely on
precise anatomical relationships between the rhomboid major muscle, intercostal spaces,
and underlying thoracic structures, reinforcing the importance of detailed morphometric
knowledge of this region [25–27]. Although these applications have been described in
adult populations, the present fetal morphometric findings contribute to a foundational
anatomical understanding that may inform future investigations into the developmental
anatomy underlying such regional anesthetic approaches.

Morphological Variability and Left–Right Asymmetry.
Morphological analysis revealed substantial variability in PAT shape, with acute,

obtuse, and approximately right-angled configurations observed across the sample. A
statistically significant asymmetry was identified between sides, with acute shapes more
frequently observed on the left and rectangular shapes predominating on the right. This
asymmetry may be influenced by multiple factors.

From a biological perspective, subtle left–right differences in scapular positioning,
asymmetric growth of thoracic organs, or inherent developmental asymmetry may con-
tribute to these findings. Alternatively, technical factors such as fetal positioning during
preservation, fixation-related tissue deformation, or dissection handling may have affected
the apparent morphology. Because fetal orientation and post-mortem handling were not
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systematically controlled, the observed asymmetry should be interpreted cautiously. Future
studies incorporating imaging-based assessments or standardized positioning protocols
may help distinguish true developmental asymmetry from methodological influences.

Morphometric Growth Patterns and Gestational Age Correlations.
The observed positive correlations between gestational age and specific PAT parame-

ters, particularly the trapezius margin length, latissimus dorsi margin length, and overall
triangle perimeter, are consistent with progressive musculoskeletal growth of the posterior
thoracic region. These associations likely reflect coordinated enlargement of the scapula
and surrounding musculature rather than isolated expansion of the triangle itself. The
absence of a statistically significant correlation between gestational age and triangle area
suggests that proportional growth may occur non-uniformly across the triangle’s margins
during fetal development.

These findings highlight that the PAT is a dynamic anatomical region during gestation,
undergoing gradual dimensional changes that parallel overall thoracic growth. Such
developmental patterns should be considered when interpreting fetal thoracic anatomy
and underscore the importance of age-specific morphometric data.

Clinical Relevance and Translational Considerations.
Although the PAT is widely recognized in adult anatomy for its role in pulmonary

auscultation, thoracic surgery, and regional anesthesia techniques, direct clinical trans-
lation of fetal morphometric data requires careful consideration. Fetal anatomy differs
substantially from neonatal and pediatric anatomy in terms of absolute size, tissue
composition, rib orientation, and musculoskeletal proportions. Therefore, the present
findings should not be directly extrapolated to surgical practice without acknowledging
these developmental differences.

Nevertheless, fetal morphometric data provide valuable foundational information
that can support future translational research. Establishing normative developmental
patterns of the PAT may aid in correlating prenatal anatomy with postnatal imaging,
neonatal anatomy, and pediatric surgical landmarks. Within this context, the consistently
high intra-observer reliability achieved across all measurements in this study reinforces
the methodological rigor of the study and substantiates the reliability of the reported
morphometric data. As such, these data provide a robust anatomical foundation for future
translational and developmental investigations. Further studies integrating fetal imaging,
neonatal dissections, and longitudinal growth analyses are needed to clarify how fetal PAT
morphology scales into infancy and childhood.

5. Conclusions
This study provides one of the first detailed morphometric and morphological charac-

terizations of the PAT during fetal development, addressing a relevant gap in developmen-
tal thoracic anatomy. The results demonstrate that PAT dimensions and morphology vary
with gestational age and exhibit side-related differences, reflecting the dynamic growth of
the posterior thoracic wall.

These findings should be interpreted considering the study’s limitations, including the
use of fetal specimens from a single population and potential influences of post-mortem
preservation. Moreover, because fetal anatomy differs substantially from neonatal and
pediatric anatomy, direct clinical translation requires caution.

Despite these constraints, the present data establishes a valuable developmental
anatomical reference that may inform future prenatal imaging studies, neonatal anatomical
investigations, and longitudinal research exploring how fetal thoracic anatomy evolves
into postnatal life. Such efforts may ultimately refine anatomical orientation and contribute
to safer and more precise applications involving the posterior thoracic region.
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