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Three‑dimensional structure 
of the basal lamella of the middle 
turbinate
Márton Eördögh 1*, Gábor Baksa2, András Grimm2, László Bárány2,3, Örs Petneházy4, 
Robert Reisch5, Henry W. S. Schroeder1, Hans Rudolf Briner6,8 & Werner Hosemann7,8

The middle turbinate’s basal lamella (3BL) is a variable landmark which needs to be understood in 
endoscopic transnasal skull base surgery. It comprises an anterior frontal and a posterior horizontal 
part and appears in its simplest depiction to be “L”‑shaped, when viewed laterally. In this study we 
analyzed its 3D morphology and variations focusing on a precise and systematic description of the 
anatomy. CBCTs of 25 adults, 19 cadavers and 6 skulls (total: 100 sides) were investigated with the 
3DSlicer software, creating 3D models of the 3BL. We introduced a novel geometrical classification of 
the 3BL’s shape, based on segments. We analyzed their parameters and relationship to neighboring 
structures. When viewed laterally, there was no consistent “L”‑shaped appearance of the 3BL, as it is 
frequently quoted. A classification of 9 segment types was used to describe the 3BL. The 3BLs had in 
average of 2.95 ± 0.70 segments (median: 3), the most frequent was the horizontal plate (23.05% of 
all segments), next a concave/convex plate (22.71%), then a sigma plate (22.37%). Further types were 
rare. We identified a horizontal plate in 68% of all lateral views whilst 32% of the 3BLs were vertical. 
A sigma–concave/convex–horizontal trisegmental 3BL was the most common phenotype (27%). 
Globally, the sigma–concave/convex pattern was present in 42%. The 3BL adhered the ethmoidal bulla 
in 87%. The segmenting method is eligible to describe the 3BL’s sophisticated morphology.

Abbreviations
2D  Two-dimensional
3D  Three-dimensional
3BL  Basal lamella of the middle turbinate (3rd basal or ground lamella)
CBCT  Cone beam computed tomography
CT  Computed tomography
MT  Middle turbinate of the nasal cavity
SLAL  Superolateral attachment line

Transnasal endoscopic surgery has become the basis of the management of paranasal sinus pathologies and skull 
base lesions. The expansion of indications for surgery led to the modification of surgical corridors, where the 
ethmoid bone is increasingly in  focus1–4. Any surgical corridor addressing the ethmoidal cells must consider 
aspects of nasal physiology on the basis of intimate knowledge of ethmoidal microanatomy. In this aspect, one 
of the most important landmarks is the three-dimensional (3D) structure of the middle turbinate with its 3rd 
basal lamella (3BL)5,6. It is one of the lamellas which arise from folds (ethmoturbinates) on the lateral wall of the 
nasal cavity during intrauterine development (Table 1)5.

Four main features of the 3BL are commonly accepted. Firstly, the MT’s skull base attachment line is com-
posed of segments in the sagittal, frontal and horizontal axis; the 3BL is related to the frontal and horizontal 
 ones7–10. Secondly, in a lateral view, the 3BL is described crudely as an “L”-shaped bone plate with an anterior 
frontal (vertical) and a posterior horizontal  part7,10. Thirdly, the individual expansion of neighboring anterior 
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and posterior ethmoidal cells (“struggle of the ethmoid”) is associated with alterations of the 3BL’s  shape7,10. 
Lastly, each 3BL is  unique11. Consequently, the identification of the 3BL and its optimal entry zone during 
ethmoidectomy can be challenging.

However, there are hardly any studies which go beyond these statements. Most reviews only examine the 3BL 
on triplanar CT reconstructions. There is a lack of information about the 3BL’s real 3D morphology, anatomical 
variations and their possible classification, posing the question if there is a most common phenotype. A precise 
assessment of the 3BL and its entry zone into the posterior ethmoid would also lead to a safer dissection. For 
these reasons, we performed a descriptive CT morphological study of the 3BL’s 3D shape and anatomical features.

Methods
Case acquisition. In this retrospective study, non-enhanced cone beam CT scans (CBCT; slice thickness: 
0.25  mm) of 25 anonymized patients (50 sides; 16 females and 9 males, mean age: 51.8  years, range: 25.6–
83.6 years) performed for dental diagnostics were analyzed with the 3DSlicer software (https:// www. slicer. org)12. 
Pediatric cases as well as individuals with sinonasal pathologies (inflammation, polyps, tumor), trauma, surgery 
in the anamnesis were excluded. Furthermore, CBCTs of 19 formaldehyde-fixed cadaveric heads (38 sides) and 
6 skulls (12 sides) provided by the Dept. of Anatomy, Semmelweis University, Budapest, Hungary were investi-
gated. Here, same exclusion criteria were applied. A total of 100 sides have been analyzed.

Definition of the 3BL. The middle turbinate is composed of the lamina recurvata (the free turbinate part 
within the nasal cavity, usually understood as the middle turbinate) and the intraethmoidal lamina basalis (3BL). 
We postulated that the 3BL is a circumscribed object with defined borders (Fig. 1). The division relies mainly 
on the triplanar identification of neighboring structures: the 3BL is surrounded by ethmoidal cells and spaces, 
contrary to the MT, which is surrounded medially by the nasal cavity.

The medial border is the imaginary curve where the 3BL enters the nasal cavity and transitions into the lamina 
recurvata. The superior border of the 3BL is the attachment line on the ethmoidal roof. The lateral border is the 
curvy attachment line on the orbital lamina of the ethmoid bone (lamina papyracea), the medial wall of the 
maxillary sinus and eventually the medial surface of the palatine bone. The superior and lateral borders build 
together the attachment line on the skull base, orbit, maxilla and lateral nasal wall. We call this the superolateral 
attachment line (SLAL). Posteroinferiorly, the medial and lateral borders usually meet in an acute angle; it is 
mostly found at the region of the ethmoidal crest.

In each case, we created a 3D model of the 3BL using the Segment Editor tool of the 3DSlicer software. Fur-
thermore, we analyzed the triplanar reconstructions. Each case has been revised on a second occasion.

Parameters of the 3BL. Triplanar CT reconstructions depict the 3BL in 2D from artificially chosen direc-
tions. We established a segmenting method to accurately and apparently describe the geometry of each 3BL’s 
real 3D shape. Segment borders were typically where ethmoidal cells meet. We followed a vertical order from 
superior to inferior. We distinguished 295 segments of 100 3BLs, categorized into 9 types (Fig. 2).

The frontal plate (Fig. 2, 4th row) is basically a 2D plate in the frontal plane. The frontal wave (Fig. 2, 5th row) 
is similar but bears anterior and posterior protrusions and appears on axial images as a waveform. The oblique 
plate (Fig. 2, 3rd row) is basically a 2D plate which angles with the frontal plane. Frontal segments can be easily 
distinguished from obliques on axial images. The oblique wave (Fig. 2, 2nd row) is like the frontal wave but its 
main axis is oblique. The sigma plate (Fig. 2, 1st row) shows a sigmoid (“S”-like) angulation. The horizontal plate 
(Fig. 2, 8th row) is a 2D plate nearly in the horizontal plane. (We apply this nomenclature for didactical reasons.) 
Concave (Fig. 2, 6th row) and convex plates (Fig. 2, 7th row) develop due to ethmoidal cell bulging and refer to 
their shape as observed from anterior. Their combination results in a complex concave/convex plate, which will 
be specified later.

Furthermore, intrinsic parameters of the 3BL models (e.g. surface size) have been defined. We also studied 
the neighboring anatomical features of the 3BL: the bordering structures; the vertical extension of the part in 
the ethmoidal fovea (the distance between the horizontal level of the most superior point of the MT where it 
undergoes into the 3BL and the most superior point of the 3BL); the presence of pneumatized middle turbinate 
as well as the adherence of the ethmoidal bulla and the 3BL.

Statistical analysis. The statistical analyses have been performed using the R statistical programming 
 language13 (version 3.6.0, https:// www.R- proje ct. org) with the significance level set at p < 0.05 and confidence 

Table 1.  Ethmoturbinate development. Each ethmoturbinate is divided to an anterior ascending (ramus 
ascendens) and a posterior descending branch (ramus descendens).

Ethmoturbinate Derivative of ascending branch Derivative of descending branch

1 Agger nasi Uncinate process

2 Ethmoidal bulla

3 3rd basal lamella (of the middle turbinate)

4 4th basal lamella (of the superior turbinate)

5 5th basal lamella (of the supreme turbinate, if exists)

https://www.slicer.org
https://www.R-project.org
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interval set at 95%. The continuous variables with normal distribution were compared using paired t-test. When 
continuous variables were not normally distributed, the Wilcoxon rank test and Mann–Whitney U test were 
used. The normality of continuous variables was controlled with Shapiro–Wilk test. The categorical variables 
were evaluated using the Fisher exact test. The association between numerical variables was examined with the 
Pearson correlation.

Ethics. All methods and investigations were carried out in accordance with relevant guidelines and regula-
tions. Regulations on the tissue handling of the Dept. of Anatomy, Semmelweis University were accepted by 
the Senate of the Semmelweis University (“Rector act. 1. R/1/2017 VII.24”). A permission to use the samples 
was obtained from the institutional responsible of body donation. The CTs were anonymized and performed 
for other (dental) diagnostics. These belong to the database of the Dept. of Anatomy, Semmelweis University. 
A permission to use the anonymized images was obtained from the institutional responsible. This study is in 
accordance with the ethical standards of the institutional and/or national research committee, the regulating law 
(“1997. year CLIV. law 16. Section 2nd paragraph”) and the 1964 Helsinki declaration and its later amendments 
or comparable ethical standards. Based on these standards and regulations, for this retrospective study an ethical 
approval is not necessary. For this type of study, formal consent is not required.

Results
Geometry of the 3BL. The 3BL—a thin bone plate with occasional circumscribed thickenings up to 3 mm, 
covered by a mucous membrane—has been defined in each case (Fig. 3, Video 1). Its average total anterior and/
or inferior surface was 394.54 ± 127.78 (range 223.77–835.20)  mm2 on the left and 399.9 ± 124.69 (range 189.80–
824.22)  mm2 on the right side. Comparing the two sides using paired Wilcoxon test, there was no statistically 
significant difference (p = 0.3868, CI − 42.15 to 17.61).

In general, we could not observe a stringent “L”-shaped 3BL appearance with 2 portions in a lateral view. Our 
data showed a great diversity of 1–5 different segments (Fig. 4). On the left side the 3BL was built of 2.96 ± 0.67 
segments (median: 3; range 2–4); on the right there were 2.94 ± 0.74 (median 3; range 1–5). Overall, there were 
usually 3 segments without significant side difference (Fisher exact test, p = 0.92). We identified a 2nd segment 
in 99%, a 3rd in 76%, a 4th in 19% and a 5th in 1% of all sides (Table 2). Therefore, the division of the 3BL to 
segments is more eligible than to an anterior frontal and a posterior horizontal part. Pearson correlation test 
showed no association between the number of segments and the surface area neither on the left (R = 0.09, p = 0.51, 
CI − 0.19 to 0.36) nor on the right side (R = 0.25, p = 0.08, CI − 0.03 to 0.49).

Figure 1.  Topographic anatomy of the basal lamella of the right middle turbinate. Postero-supero-medial 
aspect (black cube from the 3DSlicer software depicts the viewing angle—L left, S superior, P posterior) of the 
right nasal cavity with fenestrated structures. Upper right: silhouette of 3BL. The floor (F) and lateral wall (LW) 
of the nasal cavity along with the nasal septum (NS), the superior (ST), middle (MT) and inferior turbinate (IT) 
are depicted. The lamina cribrosa has been removed. The 3BL originates from the superolateral attachment line 
(SLAL). The medial border (Me) separates the 3BL from the MT. The 3BL separates the anterior (e.g. ethmoidal 
bulla) and posterior ethmoidal cells (PEC). The uncinate process (UP), the anterior wall of the ethmoidal bulla 
(AEB), the lamina papyracea (LP), the sphenopalatine foramen (SPF) with the branches of the sphenopalatine 
artery (red arrows) and the sphenoid sinus (SS) are also illustrated.
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In regard to their prevalence, we separated 3 main segment groups. A cohort of 3 types (horizontal, con-
cave/convex, sigma) was present in 66 or more sides. The horizontal plate was the most frequent (68%). In the 
residual cases (32%) we observed a vertically oriented (not “L”-shaped) 3BL without a horizontal portion where 
the posterior MT attached directly to the ethmoidal crest. Examples of the second group (concave, convex) were 
observed on 30–33 sides. Rare types (10 or less sides) formed the third cohort.

Counting from superior to inferior, the sigma plate was the 1st segment in 55 sides, the 2nd in 11 sides but 
was not found further inferiorly. The concave/convex was mostly the 2nd segment (49 sides). The horizontal plate 
was mainly the 3rd (44 sides) or 4th (18 sides), but never the 1st segment, implying to its typical posteroinferior 
location.

The most frequent phenotype of the 3BL. The 9 segment types may result in an endless variability of 
the 3BL. Table 2 already showed the strong presence of a possible 3BL which should be built of the sigma (as the 
1st), concave/convex (2nd) and the horizontal segments (3rd).

Correspondingly, our consecutive analysis showed a high prevalence of two similar phenotypes. We described 
a sigma–concave/convex–horizontal trisegmental 3BL (Table 3, Fig. 5) in 27% and a sigma–concave/convex biseg-
mental 3BL in 9%. Accompanying other segments, the sigma–concave/convex bisegmental pattern was described 
in 4 further cases (4%), the sigma–concave/convex–horizontal trisegmental pattern on further 2 sides (2%). Sum-
marily, the sigma–concave/convex pattern was present in 42%. 8 individuals (16%) showed bilateral segmentation 
pattern identity and were all in this cohort. Other patterns had a low prevalence of 1–3%.

There are anatomical conditions which are associated with the sigma and concave/convex segments’ develop-
ment and explain their high prevalence. The sigma plate originates from the posterior expansion of the lateral 
anterior ethmoidal cells and/or the anterior expansion of the medial posterior ethmoidal cells. It was always 
anteromedial-posterolateral oriented in our material. The number of participating cells was not constant.

From an anterior point of view, the concave/convex segment appears to be convex on the sagittal images but 
concave on the axial images, as if it would have been shaped by a “bent tube” object, e.g. the ethmoidal bulla 

Figure 2.  Examples for the 3rd basal lamella segment types. Rows distinguish segments types. Columns 
provide various illustrations. Some images are mirrored for better understanding. Black cubes—A anterior, L 
left, S superior. 1st row: sigma plate. 2nd row: oblique wave. 3rd row: oblique plate. 4th row: frontal plate. 5th 
row: frontal wave. 6th row: convex plate. 7th row: concave plate. 8th row: horizontal plate. (For the concave/
convex plate, see Fig. 5). Column A: example for CBCT appearance. Arrows enclose the 3BL. A1–7: axial 
view (see A1 for orientation); A8: sagittal view. Column B: superior view of the segments’ 3D shape; see B1 
for orientation. Column C: anterior view of the segments’ 3D shape; see C1 for orientation. Column D: axial 
schematic drawing of the segments’ geometry; see D1 for orientation. Not applicable for the horizontal segment. 
Column E: 3D schematic drawing of the segment types as observed from supero-antero-medial.
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(Fig. 6). Accompanying factors were constantly observed in the presence of this segment type. Firstly, on axial 
images, compared to the anterior ethmoid, the posterior ethmoid was wider. Secondly, the attachment of the 3BL 
to the orbital lamina of the ethmoid bone was approximately 90°. Thirdly, on axial analyses, the medial border of 
the 3BL was located slightly anteriorly compared to its lateral border. The middle part of the 3BL is posteriorly. 
Lastly, a posterior ethmoidal cell (or infraorbital Haller-cell, as seen on 2 sides) produced laterally an anterior 
shift of the 3BL. Nota bene: the first two statements exist together.

Topographic anatomy of the 3BL. The 3BL is bordered laterally by the orbital lamina of the ethmoid 
bone, the maxillary bone and where appropriate by the perpendicular plate of the palatine bone (Fig. 1, Video 2, 

Figure 3.  The basal lamella of the right middle turbinate, observed from various directions. Skull with 
arrows demonstrate viewing directions. Black cubes—A anterior, I inferior, L left, P posterior, R right, S 
superior). 3D CBCT reconstruction inspected from supero-postero-medial (A), medial (B), anterior (C), infero-
antero-lateral (D), lateral (E), posterior (F). The 3BL originates from the superolateral attachment line (SLAL). 
The medial border (Me) separates the 3BL from the MT. The punctuated silhouettes demonstrate the anterior 
(AEC) and posterior ethmoidal cells (PEC).

Figure 4.  Examples for the basal lamella of the left middle turbinate, observed from lateral. Skull with arrow 
shows viewing direction. Black cube—L left. The conventional basal lamella phenotype of an anterior frontal 
and a posterior horizontal part is not valid for A–C 
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“3D model” as Supplementary Material). In 3%, the maxillary sinus is separated from the 3BL by an infraorbital 
(Haller-) cell. Discontinuities are very uncommon.

The vertical extension of the superior part in the region of the ethmoidal fovea was 4.90 ± 2.06 (range 0–10.90) 
mm on the left and 5.10 ± 1.75 (range 0–9.25) mm on the right side. There was no significant difference between 
both sides using paired t-test (p = 0.47, CI − 0.74 to 0.35).

Pneumatized MT (concha bullosa) led to deformations and increased surface of the 3BL. The average sur-
face area of the 3BLs was 380.14 ± 111.99  mm2 (189.80–824.22) in cases without and 443.41 ± 149.44  mm2 
(218.20–835.21) in cases with concha bullosa. The difference between these groups was statistically significant 
using Mann–Whitney U test (p = 0.04, CI 1.17–119). Pneumatization originating from the anterior ethmoid was 
seen in these cases bilaterally in 14%, unilaterally on the left side in 4%, on the right in 5%. Pneumatization from 
the posterior ethmoid was seldom (2%, 3%, 0%, respectively). Comparing the prevalence of pneumatized MT on 
the two sides using Fisher exact test, the difference was statistically not significant (p = 0.45).

Table 2.  Localization and prevalence of segment types. Segments counted from superior to inferior. AM-PL 
anteromedial-posterolateral, PM-AL posteromedial-anterolateral.

Segment

Localization (sides)

Prevalence (%)1st 2nd 3rd 4th 5th

N 100 99 76 19 1 100 sides 295 segments

Horizontal 5 44 18 1 68 23.05

Concave/convex 9 49 8 1 67 22.71

Sigma 55 11 66 22.37

Concave 9 17 7 33 11.19

Convex 6 11 13 30 10.17

Frontal plate 8 2 10 3.39

Oblique  plateAM-PL 7 1 8 2.71

Oblique wave 4 3 7 2.37

Frontal wave 3 3 1.02

Oblique  platePM-AL 2 1 3 1.02

Table 3.  Most frequent patterns of the sigma, concave/convex and horizontal segments.

Segment type

Prevalence (%), N = 100Sigma Concave/convex Horizontal Other

✓ ✓ ✓ 27

✓ ✓ 9

✓ ✓ ✓ 4

✓ ✓ ✓ ✓ 2

Figure 5.  The most frequent basal lamella phenotype of the middle turbinate, right side. Skull with arrows 
depict viewing directions: anterior (A), circa 45° anterolaterally rotated (B), lateral (C). The sigma (S), concave/
convex (CC), horizontal segments (H) can be identified. Black cubes—A anterior, R right.
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The 3BL partly comprised the posterior wall of the ethmoidal bulla in 38 cases bilaterally, on 6 individuals on 
the left and 5 cases on the right side (87% of all sides). On 4 sides among them, a posterior ethmoidal cell with 
anterior bulging mimicked the ethmoidal bulla which was hypoplastic in these cases. On 13 sides (12 individu-
als), there were no attachment to the ethmoidal bulla.

Discussion
Stammberger et al.7,14 described the 3BL as an “L”-shaped bone plate in a lateral view with an anterior frontal 
and a posterior horizontal part, connecting the MT to the skull base and thus stabilizing it. As a result of the 
ethmoidal cells’ expansion and distortion, each 3BL is  unique10. Consequently, the intraoperative identification 
of this major landmark structure can be challenging despite thorough studies of CTs prior surgery. Recently the 
senior author provided a comprehensive overview of the ethmoidal  anatomy15. However, there are only a few 
morphological analyses about the 3BL.

According to Kim et al.8, the 3BL might have the most uniform shape among the basal lamellas. They distin-
guished “the anterior portion […] in an almost frontal” (vertical) and “the posterior portion […] in an almost 
horizontal plane”, similarly to the already mentioned “L”-shape. In their cadaveric-radiological study, the anterior 
portion attached to the skull base on a straight (91%) or anteriorly indented (9%) line. They categorized the 
relationship between the 3BL and the ethmoidal bulla whether the posterior bulla wall is the lower half of the 
anterior vertical portion of the 3BL (38%), or the posterior bulla wall builds the entire anterior portion of the 
3BL (21%). Similar to them, we frequently (87%) found an adhesion.

Based on the bilateral analysis of 100 CTs, Wu et al.16 observed an oblique posterior plane with circa 127° 
angle to the anterior part. They described the horizontal portion as a “slope”. On our sophisticated 3D models, 
one could only broadly assess this angulation. They separated linear (22%), curved (56%) and angular (20%) 
appearances of the 3BL as observed on axial images. These are of great clinical value but remain artificially chosen 
data extracts which only partly imply to the real shape.

A shortcoming of the studies mentioned above is the subjective, schematizing and simplified description 
of the 3BL’s intricate and diverse morphology. In this analysis we aimed to demonstrate the 3BL’s 3D anatomy. 
We analyzed 100 basal lamellas and identified phenotypes built up from 1 to 5 pieces of 9 distinctive segment 
types. Our results confirm the general diversity of the 3BL. However, the high occurrence of the sigma–concave/
convex–horizontal 3BL (27%) and the sigma–concave/convex pattern (42%) may imply to a typical phenotype 
which we believe to be a novel information. Contrary to most reports, we could not recognize the “L”-shape of 
the 3BL in a lateral view. In accordance with many authors, we identified a basically vertical anterior part of the 
3BL. However, after that we observed numerous segmentation patterns here. The horizontal portion lacked in 
32%. Consequently, the present study showed that the commonly accepted schematic shape of the 3BL is not 
generally valid. This made a new classification necessary.

Diverse methods and software solutions were considered; only CBCTs (or high resolution CTs) with the 
3DSlicer application enabled precise, reproducible and standardized evaluation. We sought for resemblance to 

Figure 6.  Generation of the concave/convex segment. The right ethmoid complex on axial CBCT 
reconstruction with a sigma (A) and a concave/convex segment (B–C) of the 3BL enclosed by blue arrows (see 
(A) for orientation of A–C. D Depicts the anterior view of the 3BL’s 3D shape (identical to Fig. 5A); horizontal 
lines match to slices of A–C. E Depicts the circa 45° anterolaterally rotated view of the 3BL’s 3D shape (identical 
to Fig. 5B). The 3BL of D was split along the vertical line to a lateral (F) and medial (G) part. Black cubes—A 
anterior, L left, R right. The facilitating factors of the concave/convex segment can be identified (B,C): the 
posterior ethmoid is wider than the anterior; the attachment of the 3BL to the orbital lamina of the ethmoid 
bone is approximately 90°; the medial 3BL border is slightly anterior compared to the lateral border and the 
middle part is posterior; a posterior ethmoidal cell produces laterally an anterior shift of the 3BL. Consequently, 
from an anterior point of view the concave/convex segment seems to be shaped by an object like a “bent tube” 
(E); impact demonstration: *). The cut edge is a convex curvature (F–G). On axial images, the shape is concave 
with anterior protrusions on the sides ((B–C,F–G) with pink arrows).
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geometrical forms which is certainly no absolute identity. It has to be noted that we focused on the appearance 
of the 3BL from an anterior point of view as this is the common direction of any surgical approach. Nevertheless, 
revisions and analysis of accompanying anatomical factors support our findings.

We are not aware of any other 3DSlicer-based surgically oriented studies of the middle turbinate’s anatomy. 
However, diverse workgroups already reported on this software’s feasibility to analyze the paranasal sinuses and 
the skull base for  anatomical17,18,  biophysical19,20 or  forensic21 purposes. Raappana et al. described a 3DSlicer-
based planning workflow for transnasal pituitary surgery, focusing on the relevant parasellar  anatomy22.

Dissection within the ethmoidal labyrinth should be performed with an inferomedially accented orientation 
to avoid unintended exposure of the anterior cranial fossa superiorly and the orbit laterally. For this reason, the 
segments can be reliable surgical landmark structures, especially the sigma, the concave/convex and horizontal 
types which showed a high prevalence in our data. The description of the variations with a focus on the sigma 
and concave/convex segments may be of particular clinical significance as they belong to the anterior vertical 
part of the 3BL which is the typical surgical dissection site. Both examples have a well-recognizable phenotype. 
The sigma plate was always anteromedial-posterolateral oriented and appeared to be the 1st or 2nd segment from 
superior (55% and 11%, respectively). Consequently, dissection of the sigma plate likely leads to the superior 
part of the posterior ethmoid. The concave/convex was the 2nd segment in 49% but the 1st in 9%. According 
to our data, dissection of the concave/convex segment likely leads to the inferior part of the posterior ethmoid. 
Thus, the concave/convex segment’s peculiar shape may be an additional information besides other well-known 
anatomical landmarks to define the pathway to the posterior ethmoid.

The triplanar analysis of axial, sagittal and frontal 2D reconstructions is an efficient method and routinely 
applied in the daily care. Commonly, the 3BL is understood as a continuous structure with a variety of curvatures 
without definitive angles, which could be a criticism to the statements of the present work. Our study is based 
on this widely accepted concept, but additionally represents how exactly the 3BL’s “fluid” shape can be derived 
from the accompanying ethmoidal cells and which factors influence the 3BL’s shape. We hope that this descriptive 
manuscript provides a better understanding of this delicate anatomical area for morphologists and surgeons. We 
believe that the 3D depiction of the basal lamella enables not only to understand its true shape but to accurately 
interpret the triplanar 2D reconstructions and assess the lamella’s and the neighboring structures’ topography. 
CT analysis prior to surgery can help to identify the desired entry zone and separate it from the superior and 
horizontal portions of the 3BL. The segmenting method is eligible, as it relies on the simple observation that the 
borders of segments are also the borders of ethmoidal cells. We identified a 3BL-phenotype with notably high 
prevalence and strong relation to given accompanying factors, serving as the major observation of this study. We 
suggest to choose a surgical approach after the geometrical details of the ethmoid were configured beforehand. 
However, the clinical impact of our findings has to be confirmed by surgeons and needs further research.

Conclusion
The 3BL is an important landmark for endoscopic sinus and skull base surgery with variable morphology. 
Studies using 3D reconstructions gained from CT scans allow a precise description of the 3BL. We introduced 
a segmental anatomical description which is more applicable than dividing them into an anterior frontal and 
a posterior horizontal part. The sigma–concave/convex–horizontal trisegmental and the sigma–concave/convex 
bisegmental pattern were common suggesting their close relation to the typical 3BL phenotype. This study can 
help surgeons to predict anatomical variations during endoscopic sinus and skull base procedures and improve 
their intraoperative orientation during ethmoidal dissection.

Received: 5 February 2021; Accepted: 18 August 2021

References
 1. Schwartz, T. H. et al. Endoscopic cranial base surgery: Classification of operative approaches. Neurosurgery 62, 991–1005 (2008).
 2. Reisch, R., Briner, H. R. & Hickmann, A. How I do it: The mononostril endonasal transethmoidal-paraseptal approach. Acta 

Neurochir. 159, 453–457 (2017).
 3. Eördögh, M., Briner, H. R., Simmen, D., Jones, N. & Reisch, R. Endoscopic unilateral transethmoid-paraseptal approach to the 

central skull base. Laryngosc. Investig. Otolaryngol. 2, 281–287 (2017).
 4. Kennedy, D. W., Zinreich, S. J., Rosenbaum, A. E. & Johns, M. E. Functional endoscopic sinus surgery. Theory and diagnostic 

evaluation. Arch. Otolaryngol. 111, 576–582 (1985).
 5. Zuckerkandl, E. Normale und pathologische Anatomie der Nasenhöhle und ihrer pneumatischen Anhänge (Normal and Pathologic 

Anatomy of the Nasal Cavity and its Pneumatised Annexes) 1–2 (W. Braumüller, 1882).
 6. Alyea, O. E. V. Ethmoid Labyrinth—Anatomic study, with consideration of the clinical significance of its structural characteristics. 

Arch. Otolaryngol. 29, 881–902 (1939).
 7. Stammberger, H., Hosemann, W. & Draf, W. Anatomische Terminologie und Nomenklatur für die Nasennebenhöhlenchirurgie 

(Anatomic terminology and nomenclature for paranasal sinus surgery). Laryngo-Rhino-Otol. 76, 435–449 (1997).
 8. Kim, S. S. et al. Computed tomographic and anatomical analysis of the basal lamellas in the ethmoid sinus. Laryngoscope 111, 

424–429 (2001).
 9. Lund, V. J. et al. European position paper on endoscopic management of tumours of the nose, paranasal sinuses and skull base. 

Rhinology. Suppl. 22, 1–143 (2010).
 10. Mosher, H. P. LXXII. Symposium on the ethmoid. Ann. Otol. Rhinol. Laryngol. 38, 869–901 (1929).
 11. Picerno, N. A. & Bent, J. P. Sinus lateralis in endoscopic ethmoidectomy. Laryngoscope 108, 1314–1319 (1998).
 12. Fedorov, A. et al. 3D slicer as an image computing platform for the quantitative imaging network. Magn. Reson. Imaging 30, 

1323–1341 (2012).
 13. R Core Team. R: A Language and Environment for Statistical Computing. (R Foundation for Statistical Computing, 2017).
 14. Stammberger, H. F.E.S.S.—Endoscopic diagnosis and surgery of the paranasal sinuses and anterior skull base (Endo-Press, 2006).



9

Vol.:(0123456789)

Scientific Reports |        (2021) 11:17960  | https://doi.org/10.1038/s41598-021-97331-2

www.nature.com/scientificreports/

 15. Hosemann, W., Kühnel, T. & Weber, R. Anatomy of the paranasal sinuses and anterior skull base—Fundamentals of endoscopic sinus 
surgery (Endo-Press, 2020).

 16. Wu, H.-B., Yuan, H.-S. & Zhu, L. Tri-planar computed tomographic projection of three segments of the middle turbinate in a 
Chinese population. Eur. Arch. Oto-Rhino-Laryngol. 271, 511–518 (2014).

 17. Kabaliuk, N. et al. Strategies for segmenting the upper airway in cone-beam computed tomography (CBCT) data. Open J. Med. 
Imaging 07, 196–219 (2017).

 18. Denour, E., Roussel, L. O., Woo, A. S., Boyajian, M. & Crozier, J. Quantification of nasal septal deviation with computed tomography 
data. J. Craniofac. Surg. 31, 1659–1663 (2020).

 19. Zwicker, D. et al. Validated reconstructions of geometries of nasal cavities from CT scans. Biomed. Phys. Eng. Express 4, 045022 
(2018).

 20. Tretiakow, D., Tesch, K., Meyer-Szary, J., Markiet, K. & Skorek, A. Three-dimensional modeling and automatic analysis of the 
human nasal cavity and paranasal sinuses using the computational fluid dynamics method. Eur. Arch. Oto-Rhino-Laryngol. 278, 
1443–1453 (2021).

 21. Gach, P. et al. Virtual reconstruction of paranasal sinuses from CT data: A feasibility study for forensic application. Diagn. Interv. 
Imaging 100, 163–168 (2019).

 22. Raappana, A., Koivukangas, J. & Pirilä, T. 3D modeling-based surgical planning in transsphenoidal pituitary surgery—Preliminary 
results. Acta Otolaryngol. 128, 1011–1018 (2009).

Acknowledgements
The authors sincerely thank those who donated their bodies to science so that anatomical research could be 
performed. Results from such research can potentially increase mankind’s overall knowledge that can then 
improve patient care. Therefore, these donors and their families deserve our highest gratitude. The authors also 
thank Professor emeritus Nick Jones (Nottingham, United Kingdom) for revising content and language of the 
manuscript. We would like to thank Dr. Kálmán Czeibert (Budapest, Hungary) for the supplementary material 
and Mr. Marc Matthes (Greifswald, Germany) as well as Mr. Zsolt Dénes (Budapest, Hungary) for their techni-
cal support. The Segment Editor tool of the 3DSlicer software is part of SparKit project, funded by Cancer Care 
Ontario (CCO)’s ACRU program and Ontario Consortium for Adaptive Interventions in Radiation Oncology 
(OCAIRO), contributors: Mr. Csaba Pinter (Queen’s University) and Mr. Andras Lasso (Queen’s University).

Author contributions
M.E.: Protocol/project development, Data collection or management, Data analysis, Manuscript writing/editing, 
Data analysis and interpretation, 3D imaging. G.B.: Protocol/project development, Data collection or manage-
ment, Data analysis, Manuscript writing/editing. A.G.: Protocol/project development, Data collection or man-
agement, Data analysis. L.B.: Data analysis, statistical tests, Manuscript writing/editing. Ö.P.: Protocol/project 
development, 3D imaging, Data collection or management, Data analysis. R.R.: Protocol/project development, 
Data analysis, Manuscript writing/editing. H.W.S.S.: Protocol/project development, Data analysis, Manuscript 
writing/editing. H.R.B.: Protocol/project development, Data collection or management, Data analysis, Manu-
script writing/editing. W.H.: Protocol/project development, Data analysis, Manuscript writing/editing.

Funding
Open Access funding enabled and organized by Projekt DEAL. Örs Petneházy was supported by the János Bolyai 
Research Scholarship of the Hungarian Academy of Sciences. The further authors received no funding.

Competing interests 
Örs Petneházy was supported by the János Bolyai Research Scholarship of the Hungarian Academy of Sciences. 
The further authors have no affiliations with or involvement in any organization or entity with any financial 
interest (such as honoraria; educational grants; participation in speakers’ bureaus; membership, employment, 
consultancies, stock ownership, or other equity interest; and expert testimony or patent-licensing arrangements), 
or non-financial interest (such as personal or professional relationships, affiliations, knowledge or beliefs) in the 
subject matter or materials discussed in this manuscript.

Additional information
Supplementary Information The online version contains supplementary material available at https:// doi. org/ 
10. 1038/ s41598- 021- 97331-2.

Correspondence and requests for materials should be addressed to M.E.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2021

https://doi.org/10.1038/s41598-021-97331-2
https://doi.org/10.1038/s41598-021-97331-2
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Three-dimensional structure of the basal lamella of the middle turbinate
	Methods
	Case acquisition. 
	Definition of the 3BL. 
	Parameters of the 3BL. 
	Statistical analysis. 
	Ethics. 

	Results
	Geometry of the 3BL. 
	The most frequent phenotype of the 3BL. 
	Topographic anatomy of the 3BL. 

	Discussion
	Conclusion
	References
	Acknowledgements


