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Introduction

Advances in paranasal sinus surgery have enabled the
use of endoscopic techniques to treat diseases of the
sinuses and anterior skull base. The use of the rigid
endoscope, with various angles, enables the visualization

of the paranasal sinuses from the ostia to their internal
part, as well as the assessment of pathologies without
the need for external access and with lower complication
rates.1

The surgeon needs to know the anatomy of the paranasal
sinuses and the locations used as anatomical references for
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Abstract Introduction Diseases of the paranasal sinuses, nasal cavities, and those related to the
skull base can be treated with nasal endoscopic surgery. Anatomical references are
essential to safely perform these surgeries.
Objective To measure and compare the distance from the posterior wall of the
maxillary sinus to the anterior skull base in cadavers and on computed tomography (CT)
scans to determine a measurement as an anatomical reference in imaging exams for
sinus and anterior skull base surgery.
Methods In dissections and CTscans, we took measurements from the most upper and
medial point of the posterior wall of themaxillary sinus (point A) to the point where the
skull base deflects and the anterior sphenoid wall is formed (D 90°; point B), in the right
and left nasal cavities. We used 51 cadavers aged � 18 years in the present research.
Results Themeasurements obtained fromCTscans and dissections were greater than
1.5 cm in all cadavers, and they were positively correlated. The 1-cm increase in the AB-
tomographymeasurement corresponded to the 1.08-cm increase to the right and 1.07-
cm to the left in the AB-dissection measurement.
Conclusion The CT measurements may be considered a reliable tool to promote safe
and effective access to the paranasal sinuses, matching the distance that should be
dissected until the anterior base of the skull.
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access. Anatomical variations are common and should be
expected during surgery. The absence of anatomical refer-
ences, such as the uncinate process, is greater in repeat
surgeries.2,3

Computed tomography (CT) scans of the paranasal
sinuses and videonasolaryngoscopy are mandatory for diag-
nosis and surgical planning. The exam is used during the
surgical procedure to guide dissection through the identifi-
cation of anatomical structures and their variations.4 The
proper identification of noble structures, such as the optic
nerve, is important due to individual variations in CTscans5,6

and in cadaver dissections.7

An appropriate surgical approach to the paranasal sinuses
may increase surgical success, leading to lower morbidity
and higher disease resolution. However, synechiae, anosmia,
liquoric fistulas,8 as well as lesions in noble structures, may
cause irreversible damage.9,10

Quality of life assessments and clinical follow-up of
patients with chronic sinusopathy submitted to surgical
treatment are considered the appropriate interventions to
ensure that patients remain symptom-free for longer
periods.11

Knowing the anatomical references and fixed measure-
ments with almost no variation in terms of gender, race, age,
weight, and height might provide surgeons more reliability,
minimizing complications and optimizing interventions in
the nasal sinuses.12

The hypothesis of a regular distance, greater than 1.5 cm,
between the posterior wall of the maxillary sinus and the
skull base has been presented in a research with 120 nasal
cavities of cadavers.12 The purpose of the present research
was tomeasure and compare the distance from the posterior
wall of the maxillary sinus to the anterior skull base in
cadavers and on CT scans to determine a measurement as
an anatomical reference in imaging exams to assist the
surgeon in endoscopic nasal surgeries.

Methods

The present study was approved by two Ethics in Research
Committees on Plataforma Brasil.

The right and left nasal cavities of 57 cadavers aged �
18 years were dissected and submitted to CT scans. Six were
excluded: three because the measurements had been taken
without the camera, two due to maxillofacial complex
fracture and one due to poor quality of the CT scan. Finally,
51 cadavers were included in the study, totaling 102 nasal
cavities. The cadavers were included according to the occur-
rence of deaths, regardless of gender, age, height, race, or
cause of death.

The paranasal sinus CT scans in the axial plane were
performed prior to dissection using a multislice16-channel
CT scanner (GE Healthcare, Chicago, IL, United States). The
two anatomical reference points were visualized in the same
image with multiplanar reformatting (MPR) in the 0.65-mm
thick sagittal plane.

Measurements were taken from the most upper and
medial point of the posterior wall of the maxillary sinus

(point A) to the point where the skull base deflects and the
anterior sphenoid wall is formed (D 90°; point B) (►Fig. 1).
Both sides were measured. The measurements were per-
formed by two radiologists, and the level of agreement
between them was analyzed to determine how reapplicable
the measurement might be.

After the CTscans, the cadavers were sent to the hospital’s
morgue, where the structure for dissection was assembled
with surgical instruments, video monitor, light source, vac-
uum cleaner, and camera.

The dissections of the right and left nasal cavities were
madebyendoscopicmaxillary, ethmoid, and sphenoid sinus-
otomy to identify points A and B (►Fig. 2). All dissections and
measurementswere performed by the same researcher, with
a scalpel with a ruler inserted into the nasal cavity. Initially,
the scalpel is supported at point A and the measurement is
made; then, it supported at point B, and a newmeasurement
ismade. The differencebetween both is the distancebetween
points A and B (AB measurement) (►Fig. 3).

The dissections and measurements were photographed
and recorded in the research files. No biological material was
removed from the cadavers, which underwent no changes in
physiognomy.

The parameters in the present research were the meas-
urements obtained from the cadavers, CT scans, and the
relationship between them.

Thefirst analysis, called “AB-tomography,”wasperformed
on CT scans through the AB measurement (►Fig. 1), and the
number of measurements>1.5 cm was recorded.

In the second analysis, called “AB-dissection,” the AB
measurement was made and values>1.5 cm were analyzed
(►Fig. 3).

The measurements from both analyses were compared
to determine a measurement as an anatomical reference
with lower variation to provide reliability while treating
diseases of the paranasal sinuses and the anterior skull
base.

Results

The statistical analyzes were performed using the R (R
Foundation for Statistical Computing, Vienna, Austria) soft-
ware, version 3.2.5, and the PASW Statistics for Windows
(SPSS Inc., Chicago, IL, United States) software, version 18.0,
considering a significance level of 5%.

Descriptive Analysis
The results of the descriptive analysis were expressed ad
frequencies and percentages for the qualitative variables and
as measures of central tendency (mean and median) and
dispersion (standard deviation, SD) for the quantitative
variables.

Comparisons

Agreement between Radiologists
The agreement between the two radiologists for the AB-
tomography on both sides was assessed through the
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Fig. 2 Right nasal cavity. (A) Beginning of dissection; (B) Maxillary sinus and anterior ethmoidal complex; (C) Sphenoid sinus, (D) D 90°; a scalpel
with a ruler was used for the measurements. Abbreviations: MT, middle turbinate; IT: inferior turbinate.

Fig. 1 Sagittal plane (tomography): points A (D 90°) and B (maxillary sinus posterior wall) - distance.
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intraclass correlation coefficient (ICC), whose values were
interpreted using the same scale as that of the study byMenz
et al.13 (►Table 1).

The AB-tomography measurements for both sides were
compared using the paired t-test, since the assumption of
normality assessed through the Kolmogorov-Smirnov test
was not violated.

The AB-dissection and the AB-tomography measure-
ments for both sides made by radiologist 1 were compared
using the Pearson correlation analysis, Bland–Altman meth-
od, and linear regression analysis to assess the correlation,
agreement, and to quantify the association between them,
since the assumption of normality assessed by the Kolmo-
gorov-Smirnov test was not violated.

Results of the Descriptive Analysis

The age range of the 51 cadaver specimenswas as follows: 11
to 20 years –1 (2.0%); 21 to 30 years – 2 (4.0%); 31 to 40 years
– 1 (2.0%); 41 to 50 years – 5 (9.8%); 51 to 60 years – 11
(21.5%); 61 to 70 years – 14 (27.4%); 71 to 80 years – 9
(17.6%); and 81 to 90 years – 8 (15.7%). Regarding gender, 20
(39.2%) specimens were female and 31 (60.8%) were male,
with 44 (86.3%) deaths due to natural causes and 7 (13.7%)
due to violent causes.

In all cases, all of the AB-dissection and AB-tomography
measurements for both sides, were greater than 1.5 cm

(►Table 2); their description in quantitative form and strati-
fied by side can be seen in ►Table 3).

On the right side, the AB-dissection measurements were
of 2.1 cm on average, with an SD of 0.2 cm and a mean of
2.1 cm, while the AB-tomography measurements were of
1.9 cm with an SD of 0.2 cm and a mean of 1.9 cm made by
radiologist 1; the same measurements for both analyses
made by radiologist 2 were of 1.9 cm, with an SD of 0.2,
and a mean of 1.9 cm (Table 3).

On the left side, the AB-dissectionmeasurementsmadeby
both radiologists were of 2.0 cm on average, with an SD of
0.2 cm and a mean of 2.0 cm, while those for the AB-tomog-
raphy were of 1.9 cm, with an SD of 0.2 cm and a mean of
1.9 cm (►Table 3).

Comparisons

Agreement between Radiologists
The ICCwith its respective 95% confidence intervals (95%CIs)
and the agreement between AB-tomography measurements
are presented (►Table 4). Values of p<0.05 indicated results

Table 1 Evaluation of the intraclass correlation coefficient
(ICC) of the measurements made by the radiologists

ICC Rating

� 0.75 Excellent

0.40 to 0.75 Moderate

< 0.40 Poor

Note: Adapted from Menz et al.13

Fig. 3 AB-dissection measurements. E: posterior wall of the maxillary sinus – point A / F: D90° – point B.

Table 2 Description of the AB-dissection and AB-tomography
measurements performed by two radiologists on both sides

Aspects analyzed Frequency (%)

< 1.5 cm � 1.5 cm

Right side

AB-dissection 0 (0.0%) 51 (100.0%)

AB-tomography: radiologist 1 0 (0.0%) 51 (100.0%)

AB-tomography: radiologist 2 0 (0.0%) 51 (100.0%)

Left side

AB-dissection 0 (0.0%) 51 (100.0%)

AB-tomography: radiologist 1 0 (0.0%) 51 (100.0%)

AB-tomography: radiologist 2 0 (0.0%) 51 (100.0%)
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with statistical significance, with agreement between the
two radiologists, regardless of the side evaluated, and classi-
fied as excellent (ICC: right side – 0.92; and left side – 0.90).
The AB-tomography measurements performed by the two
radiologists were similar (p-values>0.05) (►Table 5).

Correlation
The correlations between the AB-dissection and AB-tomog-
raphymeasurementsmade by radiologist 1 on both sides are
shown in►Table 6. The Pearson correlation coefficient on the
right and left side were of 0.88 (95%CI: 0.80–0.93) and 0.76
(95%CI: 0.62–0.86) respectively, both with a p-value<0.001.
These results indicate a positive and strong correlation
between themeasurements and that an increase or decrease
in the AB-dissection measurements is followed by an in-
crease or decrease in the AB-tomography measurements
made by radiologist 1.

Agreement
The agreement between the AB-dissection and AB-tomogra-
phy measurements made by radiologist 1 was based on

Bland–Altman plot analysis. Initially, the differences be-
tween the AB-dissection and AB-tomography measures
and the means between the measures are calculated. Then,
the mean and SD of these differences are calculated. With
these results, the 95%CI for the mean of the differences for
each evaluated side is obtained (►Table 7).

The Bland–Altman plots for the right and left sides are
shown in ►Figs. 4 and 5 respectively. The horizontal central
line indicates the average of the differences between the
measurements and the horizontal dashed lines at the ends
indicate the lower and upper concordance limits, with 95%
confidence. Most of the data are within the range and the
measurements are consistent.

The linear regression models were adjusted according to
the differences in the measurements and their means, for
the right and left sides, to assess for proportion bias
(►Table 8).

The p-values of the adjustments were>0.05 on both sides
without proportional bias. This indicates that, for the

Table 3 Quantitative description of the AB-dissection and AB-radiologist (1 and 2)measurements performed by the two
radiologists on both sides

Item N Mean Standard deviation Minimum 1st Q 3rd Q Maximum

Right side

AB-dissection 51 2.1 0.2 1.6 2.0 2.0 2.8

AB-radiologist 1 51 1.9 0.2 1.6 1.8 2.0 2.6

AB-radiologist 2 51 1.9 0.2 1.6 1.8 2.0 2.6

Left side

AB-dissection 51 2.0 0.2 1.8 2.0 2.0 2.5

AB-radiologist 1 51 1.9 0.2 1.6 1.8 2.0 2.5

AB-radiologist 2 51 1.9 0.2 1.6 1.8 2.0 2.5

Abbreviations: 1st Q, 1st quartile; 3rd Q, 3rd quartile.

Table 5 Comparisons of AB-tomography measurements made by radiologists on both sides

Side AB-measure p-value

Radiologist 1 Radiologist 2

n Mean Standard deviation Median n Mean Standard deviation Median

Right 51 1.9 0.2 1.8 51 1.9 0.2 1.9 0.547

Left 51 1.9 0.2 1.9 51 1.9 0.2 1.9 0.176

Note: Paired t-test.

Table 4 Agreement between the AB-tomography
measurements made by the radiologists on both sides

Side ICC 95%CI Classification p-value

Right 0.92 0.8–0.96 Excelent < 0.001

Left 0.90 0.83–0.94 Excelent < 0.001

Abbreviations: 95%CI, 95% confidence interval; ICC, intraclass correla-
tion coefficient.

Table 6 Correlation between AB-dissection and AB-
tomography measurements performed by radiologist 1 nasal
cavities

Nasal cavity Coefficienta 95% confidence
interval

p-value

Right 0.88 0.80–0.93 < 0.001

Left 0.76 0.62–0.86 < 0.001

Note: aPearson correlation coefficient.
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difference in values, there are no trends. They are distributed
evenly around the average of the differences.

Linear Regression
The linear regression models for the AB-dissection and AB-
tomography measurements made by radiologist 1 in the
right and left nasal cavities were adjusted (►Table 9).

For each 1-cm increase in the AB-tomography measure-
ment, an increase of 1.08 cm on average is expected in the
AB-dissection measurement (right side: 95%CI: 1.06–1.10;
and left side 1.07; 95%CI: 105–1.09).

Summary of the Findings

• The AB-dissection and AB-tomography measurements
performed by two radiologists on CT scans were �
1.5 cm (►Table 2).

• The agreement between the two radiologists was classi-
fied as excellent (►Table 4).

• The AB-dissection and AB-tomography measurements
performed by radiologist 1 presented a strong positive
correlation (►Table 6).

• The AB-dissection and AB-tomography measurements
agree (►Figs. 4 and 5) and do not have proportion bias
(Table 8): they arehomogeneous in relation to themean of
the differences.

• For each 1-cm increase in the AB-tomography measure-
ment, an increase of 1.08 cm on average is expected
in the AB-dissection measurement (►Table 9) (right
side: 95%CI: 1.06–1.10; and left side 1.07; 95%CI: 105–
1.09).

Discussion

The anatomical variation between the paranasal sinuses
is high.14 Anatomical variations and noble structures close
to the sites of surgical access increase the chances of
surgical complications.15 These complications can cause
sequelae or death of the patient.16,17 Further comparisons
of the findings of the present research findings with those
of similar ones in the literature was not possible due to
the absence of studies on anatomical measurements or
distances.

The consistency of the ABmeasurements evaluated in the
dissection and tomography analyses confirms the hypothesis
of a regular distance between the posterior wall of the
maxillary sinus and the skull base observed in surgical
practice and in two studies performed on cadavers12 and
CTscans, however with a difference of 0.5 cm between them.
The new research with the same measurements on CT scans
and on cadavers showed that they were>1.5 cm in all cases
evaluated.

Computed tomography scans are used in the surgical
practice to “map” the anatomy of the paranasal sinuses
to define the surgical approach.14,18 This exam helps with
the diagnosis, the decision of the surgical treatment, and
the surgeon can identify the anatomical changes and the
regions with the highest risk of iatrogenic outcomes.9

Fig. 4 Scatter plot with limits of agreement between the measure-
ments performed on the right side.

Fig. 5 Scatter plot with limits of agreement between the measure-
ments performed on the left side.

Table 7 Mean and standard deviation of the differences in measurements and confidence interval for the mean of the differences

Nasal cavity Mean of the differences Standard deviation of differences 95% confidence interval

Right 0.15 0.11 � 0.08–0.37

Left 0.14 0.12 � 0.09–0.36
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The AB-tomography measurement could be performed
routinely by the radiologist by configuring the MPR param-
eters. The measurement could be performed in preoperative
CT scans of the paranasal sinuses and used as reference
by the surgeon for access the posterior sinuses for endo-
scopic surgery, since a strong positive correlation between
this measurement on CT scans and dissections was
found. The measurements obtained on CT scan are slightly
shorter than on the dissections. Computed tomography
scans measurements are performed with a millimeter
ruler on a computer screen, and the dissection ones with
a scalpel with a ruler and through observation by the
researcher. The measures are analogous and positively
correlated.

The AB-tomographymeasurement enables the surgeon to
infer the safe distance to the anterior skull base, more
specifically to point B. This enables access to the posterior
sinuses through the identification of the posterior wall of the
maxillary sinus, optimizing the sinus surgery with low
complications.

The similar results of the study performed on tomography
and on cadavers12 strengthen the theory that the distance
between the posterior wall of the maxillary sinus and the
D90° at the skull base is generally>1.5 cm. This measure-
ment can be performed routinely on CT scans as a reference
during surgeries with surgical steps established in the liter-
ature. The measurement is an additional component to be
used during surgeries.

Conclusion

The present research aimed to identify a standard distance
in a region with large anatomical variations that may be
used even to identify an individual. The distance between
two anatomical points was assessed and the measurement
was found to be constant in the cases analyzed:>1.5 cm.

The confirmation of the regularity of the AB measure and
the strong positive correlation indicate the existence of a safe
anatomical reference that can be measured in the main
image exam used in the preoperative period (CT scans)
and in surgeries, being another safety component in para-
nasal sinus endoscopic surgery.

Funding
The authors declare that they have received no financial
support from agencies in the public, private, or non-profit
sectors to conduct the present research.

Conflict of Interests
The authors have no conflict of interests to declare.

References
1 Luong A, Marple BF. Sinus surgery: indications and techniques.

Clin Rev Allergy Immunol 2006;30(03):217–222. Doi: 10.1385/
CRIAI:30:3:217

2 Hemmerdinger SA, Jacobs JB, Lebowitz RA. Accuracy and cost
analysis of image-guided sinus surgery. Otolaryngol Clin North
Am 2005;38(03):453–460. Doi: 10.1016/j.otc.2004.10.024

3 Stamm A. Operação micro-endoscópica dos seios paranasais: con-
ceitos básicos. Rev Bras Otorrinolaringol 2002;68(03):299–302.
Doi: 10.1590/s0034-7299200 2000300002

4 de Miranda CMNR, Maranhão Cde M, Arraes FMNR, et al. Varia-
ções anatômicas das cavidades paranasais à tomografia compu-
tadorizada multislice: o que procurar? Radiol Bras 2011;44(04):
256–262. Doi: 10.1590/s0100-398420 11000400012

5 Kantarci M, Karasen RM, Alper F, Onbas O, Okur A, Karaman A.
Remarkable anatomic variations in paranasal sinus region and
their clinical importance. Eur J Radiol 2004;50(03):296–302. Doi:
10.1016/j.ejrad.2003.08.012

6 Scutariu MD, Bâldea V. Neighbouring relations of the posterior
ethmoid studied by axial computed tomography. Morphologie
2010;94(306):51–57. Doi: 10.1016/ j.morpho.2010.03.003

7 Tan HKK, Ong YK. Sphenoid sinus: an anatomic and endoscopic
study in Asian cadavers. Clin Anat 2007;20(07):745–750. Doi:
10.1002/ca.20507

8 Dolci RLL, Miyake MM, Tateno DA, et al. Postoperative otorhino-
laryngologic complications in transnasal endoscopic surgery to
access the skull base. Rev Bras Otorrinolaringol (Engl Ed) 2017;83
(03):349–355. Doi: 10.1016/j.bjorl.2016.04.020

9 Chone CT, Sampaio MH, Sakano E, et al. Endoscopic endonasal
transphenoidal resection of pituitary adenomas: Preliminary
evaluation of consecutive cases TT - Resseccao endoscopica trans-
esfenoidal de adenomas de hipofise: Avaliacao preliminar de
pacientes consecutivos. Rev Bras Otorrinolaringol (Engl Ed) 2014;
80(02):146–151. Doi: 10.5935/1808-8694. 20140030

10 Tan BK, Chandra RK. Postoperative prevention and treatment of
complications after sinus surgery. Otolaryngol Clin North Am
2010;43(04):769–779. Doi: 10. 1016/j.otc.2010.04.004

11 Mascarenhas JG, da Fonseca VMG, Chen VG, et al. Resultados em
longo prazo da cirurgia endoscópica nasossinusal no tratamento

Table 8 Linear regression model between differences in measurements and means

Settings Coefficient Standard error p-value 95% confidence interval

Mean (right side) 0.12 0.07 0.112 � 0.02–0.26

Mean (left side) � 0.06 0.10 0.555 � 0.26–0.14

Table 9 Linear regression model between measurement differences and their means

Settings Coefficient Standard error p-value 95% confidence interval

AB-tomography (right side) 1.08 0.01 < 0.001 1.06–1.10

AB-tomography (left side) 1.07 0.01 < 0.001 1.05–1.09

International Archives of Otorhinolaryngology Vol. 28 No. 3/2024 © 2024. The Author(s).

Anatomical Measurement as a Reference for Functional Endoscopic Sinus Surgery Zanuncio et al.430



da rinossinusite crônica com e sem pólipos nasais. Rev Bras
Otorrinolaringol (Engl Ed) 2013;79(03):306–311. Doi: 10.5935/
1808–8694.20130055

12 Zanuncio AV, Crosara PFTB, Becker HMG, Becker CG, Guimarães
Rdos SSetting of an endoscopic nasal reference point for surgical
access to the anterior base through an anatomical study on
cadavers. Rev Bras Otorrinolaringol (Engl Ed) 2016;82(06):
630–635. Doi: 10.1016/j.bjorl.2015.10.021

13 Menz HB, Latt MD, Tiedemann A, Mun San Kwan M, Lord SR.
Reliability of the GAITRite walkway system for the quantification
of temporo-spatial parameters of gait in young and older people.
Gait Posture 2004;20(01):20–25

14 Jones TM, Almahdi JMD, Bhalla RK, Lewis-Jones H, Swift AC. The
radiological anatomy of the anterior skull base. Clin Otolaryngol

Allied Sci 2002;27(02):101–105. Doi: 10.1046/j.1365-2273.2002.
00540.x

15 Musy PY, Kountakis SE. Anatomic findings in patients undergoing
revision endoscopic sinus surgery. Am J Otolaryngol 2004;25(06):
418–422

16 Casler JD, Doolittle AM, Mair EA. Endoscopic surgery of the
anterior skull base. Laryngoscope 2005;115(01):16–24

17 Lubbe D, Semple P, Fagan J. Advances in endoscopic sinonasal and
anterior skull base surgery. S Afr Med J 2008;98(08):623–625.
Doi: 10.7196/SAMJ.117

18 Ribeiro BNF, Muniz BC, Marchiori E. Preoperative computed
tomography evaluation of the paranasal sinuses: what should
the physician know? - pictorial essay. Radiol Bras 2019;52(02):
117–122. Doi: 10.1590/0100-3984.2017.0082

International Archives of Otorhinolaryngology Vol. 28 No. 3/2024 © 2024. The Author(s).

Anatomical Measurement as a Reference for Functional Endoscopic Sinus Surgery Zanuncio et al. 431


