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af' OPEN ACCESS ABSTRACT
Background: Pulmonary fissures demarcate lung lobes and serve as key landmarks
Corresponding Author: in thoracic imaging and operative planning. Variations such as incomplete, absent,

and accessory fissures may obscure interlobar planes, alter the radiological
distribution of disease, and increase technical difficulty during lobectomy and
segmental resections.

Objectives: To determine the frequency and pattern of incomplete, absent, and
accessory pulmonary fissures in cadaveric lung specimens and to highlight their
clinical implications.

Materials and Methods: A descriptive cross-sectional cadaveric study was
conducted on 88 formalin-fixed adult human lungs comprising 44 right and 44 left
lungs. Each specimen was examined on costal and medial surfaces for the
morphology of the right horizontal fissure, oblique fissures bilaterally, and for the
presence of accessory fissures. Fissures were classified as complete, incomplete, or
absent by gross inspection. Data were expressed as frequency and percentage.
Results: In the right lung (n = 44), the horizontal fissure was incomplete in 28
(63.6%) and absent in 20 (45.5%)specimens. The right oblique
fissure was incomplete in 10 (22.7%) and was not absent in any specimen.
An accessory cross-shaped fissure was identified in 2 (4.5%) right lung. In the left
lung (n = 44), the oblique fissure was incomplete in 16 (36.4%), while 28
(63.6%) specimens showed a complete fissure.

Conclusion: Incomplete and absent fissures are common in cadaveric lungs, with
the right horizontal fissure demonstrating the highest variability. Rare accessory
fissures may produce complex fissural patterns. Awareness of these variations is
essential for accurate radiological interpretation and for optimizing surgical
strategies during thoracic procedures.
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INTRODUCTION

Pulmonary fissures are pleural invaginations that partition the lung parenchyma into lobes and establish the external
framework for lobar and segmental anatomy. The oblique fissure is normally present in both lungs, while the horizontal
fissure is a characteristic feature of the right lung. These fissures facilitate relative movement of lobes during respiration,
contribute to uniform expansion of lung tissue, and serve as reliable anatomical landmarks for locating
bronchopulmonary segments and intrathoracic lesions.[1-5]

Although standard anatomical descriptions portray the right lung as trilobed and the left lung as bilobed, fissural
morphology is frequently variable.[6,7] Major fissures may be complete, incomplete, or absent, and additional accessory
fissures may occur. Such variations alter expected lobar boundaries and may produce atypical lobar configurations.
Incomplete fissures are characterized by parenchymal fusion between adjacent lobes, whereas absent fissures indicate
complete fusion along the expected fissural plane. Accessory fissures represent additional clefts that may partially
subdivide lobes and are often related to segmental boundaries.[8,9]
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The developmental basis for these variations is attributed to the embryological formation of the lungs from branching
bronchopulmonary buds. During growth, the clefts between adjacent bronchopulmonary units are largely obliterated
except along planes that persist as the major fissures. Variations in the degree of obliteration result in incomplete or
absent fissures, while persistence of additional clefts gives rise to accessory fissures. Consequently, fissural anatomy
reflects developmental events and may differ across individuals and populations.[10,11]

The clinical relevance of fissural variations is substantial. In thoracic surgery, incomplete fissures may obscure interlobar
planes, complicate identification of hilar structures, and increase the risk of postoperative air leakage during lobectomy
or segmentectomy. Accessory fissures may further alter operative orientation and modify dissection strategy.[12,13]
From a radiological standpoint, incomplete fissures may change classical patterns of lobar collapse, pleural fluid
tracking, and consolidation, while accessory fissures can mimic linear pulmonary pathology and lead to diagnostic
uncertainty if unrecognized. In addition, fissural incompleteness may allow pathological processes such as infection or
malignancy to extend across lobes, producing non-classical patterns of spread.[14,15]

Despite these implications, fissural variants are often underrecognized in routine anatomical teaching and may be
overlooked during imaging interpretation or preoperative planning. Cadaveric studies provide the most direct method for
documenting fissural patterns and generating population-specific anatomical data relevant to clinicians.[16]

The present study was therefore undertaken to document the gross anatomical variations of pulmonary fissures in
cadaveric lung specimens, with particular emphasis on incomplete and accessory fissures, and to highlight their potential
clinical implications in radiology and thoracic surgery.

MATERIALS AND METHODS

Study design:

The present investigation was conducted as a descriptive cross-sectional cadaveric study aimed at documenting the gross
anatomical variations of pulmonary fissures, with particular emphasis on incomplete and accessory fissures and their
potential clinical relevance.

Study material:

The study was carried out on 44 adult human lung specimens, comprising 44 right lungs and 44 left lungs. The specimens
were obtained from routinely embalmed cadavers used for undergraduate teaching in the Department of Anatomy. All
lungs were preserved in 10% formalin and had been removed carefully during standard thoracic dissection.

Inclusion criteria:
e Adult lung specimens with intact pleural surfaces
o  Well-preserved lungs with clearly identifiable external morphology
e Specimens without gross pathological lesions that could distort fissural anatomy

Exclusion criteria:
e Lungs showing evidence of severe pulmonary pathology such as extensive fibrosis, consolidation, or tumors
e Specimens damaged during dissection or removal
e Lungs with dense pleural adhesions obscuring fissural planes

Method of examination:
Each lung specimen was washed and examined systematically under adequate illumination. The examination was
performed on both the costal and medial surfaces, and the following parameters were assessed:
1.  Major fissures
o Right lung: horizontal fissure and oblique fissure
o Left lung: oblique fissure
2. Accessory fissures
o Presence, number, orientation, and surface location of any accessory fissures
o Special attention was paid to atypical fissural patterns, including intersecting or complex fissures

Fissures were classified based on gross morphology as follows:
e Complete fissure: a deep cleft extending from the lung surface to the hilum, resulting in complete separation of
adjacent lobes except at the root
e Incomplete fissure: a visible fissural line or shallow cleft that did not extend to the hilum, indicating partial
fusion of lobes
e Absent fissure: complete absence of a fissural cleft along the expected anatomical plane

Documentation and photography:

All observed variations were recorded in a structured proforma. Representative specimens demonstrating incomplete
fissures, absent fissures, and accessory fissures were photographed using a digital camera. The photographs were later
annotated to identify lobes, fissures, and surfaces for documentation and publication purposes.[17,18]
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Data recording and analysis:
The collected data were tabulated and analyzed descriptively. Findings were expressed as absolute numbers and
percentages. Comparative evaluation between right and left lungs was performed where applicable to assess side-related
differences in fissural patterns.

Ethical considerations:

The study was conducted in accordance with institutional ethical guidelines governing the use of cadaveric material for
research and teaching. As the study involved preserved cadaveric specimens obtained through a body donation program,
individual consent was not applicable.

RESULTS
A total of 88 adult cadaveric lung specimens (44 right lungs and 44 left lungs) were examined with specific emphasis
on incomplete, absent, and accessory pulmonary fissures.

Absent Major Pulmonary Fissures

Figure 1. Gross specimen of the right lung showing complete absence of the horizontal fissure, resulting in a two-lobed
right lung with only upper and lower lobes separated by a well-defined oblique fissure.
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Figure 1. Right lung showing complete absent of horizontal fissure
Caption: Gross anatomical photograph of a preserved right lung specimen demonstrating complete absence of the
horizontal fissure. The upper and lower lobes are identified on the costal surface, with no demarcation corresponding to

the horizontal fissure, indicating a congenital fissural variation.

Table 1. Distribution of incomplete and absent major fissures

Lung side Fissure Incomplete n (%) Absent n (%)

Right lung (n = 44) Horizontal fissure 28 (63.6%) 20 (45.5%)
Oblique fissure 10 (22.7%) 0 (0%)

Left lung (n =44) Oblique fissure 16 (36.4%) 0 (0%)
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Accessory Fissures and Atypical Fissural Patterns
Accessory fissures were observed less frequently than incomplete major fissures. A rare cross-shaped accessory
fissurewas identified in one right lung specimen. This accessory fissure intersected the major fissural plane, producing an

unusual pattern of lobar subdivision.

COSTAL
SURFACE

Figure 2 illustrates Right Lung incomplete oblique fissural configuration.

Figure 2. Gross specimen of the right lung showing an incomplete oblique fissure, resulting in partial separation between
the upper and lower lobes. The fissure is shallow and does not extend completely across the lung parenchyma, leading to

areas of lobar fusion along the costal surface. This represents a common developmental variation of fissural anatomy
with potential clinical and surgical relevance.

INCOMPLETE
HORIZONTAL
FISSURE

Figure 3: illustrates incomplete horizontal fissure
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Figure 3. Gross anatomical photograph of a preserved right lung specimen showing an incomplete horizontal fissure. The
fissure is shallow and does not extend fully across the lung parenchyma, resulting in incomplete separation of the upper
and middle lobes. This represents a common anatomical variation of the right lung fissural pattern.

\ Cross-shaped
accessory
fissure

Figure 4:Right lung cross shaped fissure

Figure 4. Figure 4. Right lung showing cross-shaped fissure Labels to be placed on the image (using solid arrows):

Solid Arrow A: Point to the horizontal component of the accessory fissure, running transversely across the lung surface.
Solid Arrow B: Point to the vertical component of the accessory fissure, extending inferiorly and intersecting the
horizontal fissure.

Solid Arrow C: Point to the intersection of the horizontal and vertical fissures, highlighting the characteristic cross-
shaped fissural pattern.

Figure 4. Gross anatomical photograph of a preserved right lung demonstrating a cross-shaped accessory fissure. Solid
arrows indicate the horizontal and vertical fissural components, whose intersection produces a distinct cross-like
configuration on the lung surface. This uncommon fissural variation represents an atypical subdivision of the pulmonary
parenchyma and is of anatomical, radiological, and surgical importance, as it may influence lobar identification,
interpretation of imaging studies, and surgical planning.

Table 2. Incidence and type of accessory fissures

Lung side Type of accessory fissure Number (n) Percentage (%)
Right lung Cross-shaped accessory fissure 2 4.5
Left lung Accessory fissure 0 0
Total (n = 88) — 2 23

Table 3. Combined fissural variation patterns
Pattern of variation Number of specimens Percentage (%)
Single incomplete fissure 38 43.2
Multiple incomplete fissures 26 29.5
Absent fissure alone 20 22.7
Incomplete fissure with accessory fissure 4 4.6

Incomplete fissures were more common than absent or accessory fissures. The right horizontal fissure demonstrated the
highest variability, followed by the oblique fissure on both sides. Accessory fissures were rare but produced marked
alterations in lobar configuration when present.
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DISCUSSION

Pulmonary fissures define lobar anatomy and provide important surface landmarks for radiological localization and
surgical dissection. Nevertheless, fissural patterns show substantial interindividual variability.[19] The present cadaveric
series demonstrates that incomplete major fissures are frequent and that accessory fissures, although uncommon, may
form complex configurations capable of altering expected lobar topography. These findings reinforce that the
conventional textbook description of lung lobation represents an idealized pattern rather than a constant anatomical
rule.[20,21]

Developmental interpretation

Fissural morphology is best understood in the context of lung development. During embryogenesis, the bronchial tree
branches into bronchopulmonary units separated by clefts. With further growth, these clefts largely regress, persisting
only along planes that form the major fissures.[23] Incomplete fissures likely represent partial fusion of adjacent lobes
due to incomplete persistence of the cleft, whereas absence of a fissure reflects complete fusion across the expected
fissural plane. Conversely, accessory fissures can be explained by persistence of additional clefts that usually disappear.
The coexistence of incomplete and accessory fissures within the same specimen supports the concept that fissural
anatomy reflects variable degrees of obliteration or persistence of embryonic planes.[24,25]

Predominance of right-sided fissural variability

A consistent theme in anatomical literature is greater variability of the right lung, particularly the horizontal fissure. The
horizontal fissure is developmentally more susceptible to partial formation or obliteration and therefore commonly
appears as an incomplete cleft or may be absent entirely. When the horizontal fissure is absent, separation between the
upper and middle lobes is lost, producing a functionally two-lobed right lung. [26,27]Such morphology is not merely a
descriptive anomaly; it changes the expected relationship between lobes and may obscure the identification of the middle
lobe as a distinct surgical unit.[28,29]

Surgical implications

Fissural integrity directly affects the conduct of thoracic procedures. Incomplete fissures create parenchymal
bridgesbetween lobes, limiting access to the interlobar pulmonary artery and complicating the development of safe
dissection planes. Where fissures are incomplete, surgeons may be forced to divide lung parenchyma to reach hilar
structures, increasing the likelihood of postoperative air leakage, especially after lobectomy or segmentectomy. These
considerations are amplified in minimally invasive surgery, where visualization is constrained and fissure-based
approaches may be less forgiving. Therefore, awareness of fissural variants—and preoperative appraisal when imaging is
available—can inform selection of fissure-sparing strategies and reduce avoidable complications.[30,31]

Radiological implications and interpretative pitfalls

Fissures are routinely used on radiographs and CT to define lobar boundaries, locate lesions, and interpret patterns of
collapse and consolidation. Variations in fissural anatomy can alter these expected patterns. Incomplete fissures may
permit extension of disease across lobar boundaries, producing atypical distributions of infection or malignancy that do
not conform to classic lobar anatomy. Accessory fissures may appear as sharp linear interfaces and can be mistaken for
atelectasis, pleural scarring, or fibrosis if not recognized. Accurate radiological interpretation therefore requires
familiarity with fissural variants and careful assessment of whether a linear opacity corresponds to a pleural invagination
consistent with a fissure.[32,33]

Functional considerations

Beyond their role as anatomical landmarks, fissures influence interlobar separation and potentially affect the spread of
air, fluid, or pathology within the lung. Incomplete fissures provide parenchymal continuity that may facilitate interlobar
collateral pathways and allow inflammatory exudate to cross lobar planes. Clinically, this may manifest as non-classical
involvement patterns in pneumonia or atypical collapse configurations. While this study is anatomical, such functional
implications underscore why fissural morphology remains clinically relevant.[34]

Significance of complex accessory fissures

The occurrence of a cross-shaped accessory fissure underscores the range of possible accessory configurations. Unlike a
single accessory cleft corresponding to a typical segmental boundary, an intersecting fissural pattern suggests persistence
of multiple developmental planes. Such configurations can complicate surface-based orientation by introducing
misleading “pseudo-lobar” partitions. In operative settings, this may lead to incorrect assumptions about lobar boundaries
unless correlated with hilar bronchovascular anatomy. On imaging, intersecting fissures may generate unexpected linear
shadows and should be considered in the differential when atypical fissural lines are observed.[35]

Variability across studies and populations

Reported incidences of incomplete, absent, and accessory fissures vary widely across cadaveric and imaging-based
investigations. Differences likely reflect population heterogeneity, variation in specimen selection, definitional thresholds
for “incomplete,” preservation-related surface changes, and observer interpretation. These factors support the value of
region-specific cadaveric data for anatomical education and for shaping local clinical expectations.

Dr. K. Vidulatha, et al. Incomplete and Accessory Pulmonary Fissures: Gross Anatomical Variations and Their Clinical 1674
Implications. Int. J Med. Pharm. Res., 6 (6): 1669-1676, 2025



Limitations

This study is limited by its cadaveric design and the absence of radiological correlation. Gross evaluation, while
definitive for morphology, does not capture the full range of appearances on imaging where fissure visualization depends
on technique, slice thickness, and lung inflation. Additionally, accessory fissures were recorded by surface inspection;
correlation with segmental bronchovascular anatomy would provide more precise classification. Future work integrating
thin-section CT correlation and standardized fissure grading systems would strengthen translation to surgical and
radiological practice.

CONCLUSION

Incomplete pulmonary fissures are common cadaveric findings, with the right horizontal fissure showing the greatest
variability. Accessory fissures, although less frequent, may produce complex fissural patterns that alter normal lobar
anatomy. Awareness of these variants is important for accurate radiological interpretation and for safe surgical planning
during lobectomy and segmental resections.
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