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Morphometric study of fixed nasal anatomical structures
related to endoscopic surgery of sinuses and anterior

base of skull in hemisagittal cadaveric heads

Tipyada Papassornsiri*

Vilai Chentanez*

Papassornsiri T, Chentanez V. Morphometric study of fixed nasal anatomical structures
related to endoscopic surgery of sinuses and anterior base of skull in hemisagittal cadaveric
heads. Chula Med J 2017 Nov — Dec;61(6): 693 - 701

Background : Endoscopic sinus and anterior skull base surgery requires anatomical
landmarks to identify the location of each paranasal sinus. Even though
many anatomical reference points are applied, they can be distorted by
tumors, inflammatory processes and previous surgeries. An earlier study
of the paranasal sinus in computed tomography found that the maxillary
roof (orbital floor) represented a reliable fixed anatomical landmark during
the endoscopic dissection for the entry of the sphenoid sinus that avoids
the skull base. However, the study in cadavers has never been performed
and no comparative study between genders has been done.

Objective : To determine the distance from nasal floor to cribriform plate, ethmoid
roof, skull base, sphenoid floor and the orbital floor. A comparison
between genders was carried out.

Methods :  Thirty-nine hemisagittal Thai cadaveric heads were included in this study.
Four parameters were measured as follows: the nasal floor to the lowest
point of cribriform plate (A): the nasal floor to the highest point of ethmoid
roof (B): the nasal floor to skull base at the anterior wall of sphenoid
sinus (C): and the nasal floor to the floor of sphenoid sinus (D). The
distance from the nasal floor to the highest point of the maxillary roof or

orbital floor (E) was measured after removal of the lateral nasal wall.

* Department of Anatomy, Faculty of Medicine, Chulalongkorn University
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Results ¢ Twenty female and nineteen male hemisagittal heads from 39 cadavers
were included in this study. The mean distances of A, B, C, D, and E
were: 44.1+4.4,49.1 1+ 4.7,45.6 £ 5.1,20.6 + 3.2, and 32.4 £ 3.8 mm,
respectively. The results revealed that the mean distance from the nasal
floor to orbital floor (E) was the shortest among those of A, B and C. All
orbital floors were lower than the cribriform plate, the ethmoid roof and
the skull base at a mean distance of 11.8 + 4.4, 16.8 + 4.7 and
13.2 £ 4.2 mm, respectively. However, statistically significant difference
between both genders were found in the distances from the nasal floor
to the cribriform plate (A), the skull base (C) and the orbital floor (E).

Conclusions : Direct cadaveric measurement in this study confirms the findings results
of a previous CT study. Additional result was the statistically significant
difference between both genders in the distances from the nasal floor to

the cribriform plate (A), to the skull base (C) and to the orbital floor (E).

Keywords : Endoscopic sinus surgery, morphometric study, skull base, orbital floor,

Sphenoid sinus.
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Endoscopic sinus and anterior skull base
surgery (ESBS) is widely-used nowadays due to well-
developed instruments. It is more advantageous than
classical transfacial and craniotomy. ¥ However,
complications including cerebrospinal fluid leak
rate were reported higher in ESBS.”” To undergo
the procedure, surgeons use surgical landmarks
e.g. uncinate process, ethmoidal bulla, middle
and superior turbinate for identifying the paranasal
sinuses. ®? Nevertheless, these surgical landmarks
could be distorted by previous surgery and
diseases ® ¥ and any mistakes could cause orbital
and intracranial complications such as cerebrospinal
fluid rhinorrhea, meningitis, medial or inferior
rectus muscle injury, nasolacrimal duct stenosis. o
Consequently, fixed anatomical landmarks are
needed to assist in finding these essential structures.
The nasal floor, posterior choana, opening of the
eustachian tube, skull base, sella and orbital floors
are the fixed anatomic features sought after during
the endoscopic surgery.

According to earlier observations, the roof
of maxillary sinus (orbital floor) projecting in
anteroposterior direction toward the sphenoid
sinus could be a crucial anatomical landmark for the
height of entry into the sphenoid sinus. ® Moreover,
researches on the paranasal sinuses via computed
tomography (CT) found that the orbital floor was below
the skull base in all cases and it could be another
anatomical reference point in endoscopic surgery of
the sinuses and the base of skull in both the Asian
and Caucasian groups. ©? However, there is no current
study in cadavers and no comparison between

genders.

Methods

Thirty-nine hemisagittal heads from 39
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cadavers provided by the Department of Anatomy,
Faculty of Medicine, Chulalongkorn University were
evaluated. After removal of the nasal septums, planes
of the nasal floor were identified and marked by strings
as shown in Figure 1. Four parameters were measured
as follows: the nasal floor to the lowest point of
cribriform plate (A); the nasal floor to the highest point
of ethmoid roof (B); the nasal floor to base of skull
at the anterior wall of the sphenoid sinus (C); and the
nasal floor to the floor of sphenoid sinus (D). After
two measurements with a 2- week interval, the lateral
nasal floor was removed and the highest point of
medial orbital floor or the maxillary roof was identified.
The distance from the nasal floor to the highest point
of medial orbital floor or the maxillary roof (E) was
measured (Figure 2). All measurements were carried
out from each identified point to the referral plane of
the nasal floor in the right angle. Each parameter was
measured twice by a digital Vernier caliper with 0.01
millimeter solution and average number was reported.
To ensure the consistency, the same investigator
recorded each parameter twice with the same digital
Vernier caliper. As for intra-observer reliability, the
second measurementwas taken after a 2-week interval.

Data were calculated and analyzed by
Microsoft Excel 2013 and IBM SPSS Version 22. Mean
and standard deviation for each parameter were
obtained. Results were then separated into male and
female groups. Shapiro-Wilk test of normality was
used to determine the distribution of the sample
population. Comparisons of the parameters between
the male and female subjects were done by using
unpaired t-test in parameter with normally distributed
data and Mann-Whitney U test in parameters with non-
normally distributed data. The significance level was

95% confident interval.
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Figure 1. The hemisagittal section of cadaveric head showing the distances from nasal floor to cribriform plate
(A), to ethmoid roof (B), skull base (C), sphenoid floor (D). White line (Nasal floor plane), Cr (Cribriform
plate), ER (Ethmoid roof), SB (Skull base), SF (Sphenoid floor), Sph (Sphenoid sinus).

Figure 2. The hemisagittal section of cadaveric head (lateral nasal wall was removed) showing the distance

(E) from nasal floor to the highest point of medial orbital floor or maxillary roof (black asterisk). Black arrows

indicate the maxillary roof. White line (Nasal floor plane), Eth (ethmoid sinus), Mx (maxillary sinus), MOW

(medial orbital wall), MOF (medial orbital floor), Sph (sphenoid sinus).

Results

Thirty-nine hemisagittal heads from 39
cadavers were included in this study, 20 females and
19 males. All subjects were Thai identified through
their names and family names. The average age was
75.9 £ 11.8 years (75.1 = 13.6 years for females and

76.7 £ 10.0 years for males). Results of each variable

were presented in Table 1. The mean distances of A,
B,C,D,and E were 441 £ 44,49.1+47, 456 &
5.1, 20.6 £ 3.2, and 32.4 £ 3.8 mm, respectively.
The mean distance from nasal floor to orbital floor (E)
was the shortest among those of A, B and C. Therefore,
the orbital floor was lower than the cribriform plate,

ethmoid roof and skull base. The mean distances
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from orbital floor to cribriform plate, to ethmoid roof
and to skull base could be determined by subtraction
of the distance from nasal floor to orbital floor (E) out
of A, B, and C, respectively. The results were 11.8 £
44 (A-E), 168 £ 4.7 (B-E)and 13.2 £ 4.2 mm
(C - E), respectively.

The sphenoid height was determined by the

subtraction of the distance from nasal floor to sphenoid
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floor (D) out of the distance from nasal floor to skull
base (C). A comparison between genders revealed
that all average lengths in male were longer than in
female. However, only the distances from nasal floor
to cribriform plate (A), to skull base (C) and to orbital
floor (E) were statistically significant different (P = 0.02,

0.01 and 0.04, respectively) (Table 1).

Table 1. Study results show the distances (Mean £ SD in mm) from nasal floor to each anatomical landmark

and comparison between genders.

Parameters Total Male Female P-value
Nasal floor to cribriform plate (A) 441+ 4.4 46.0+4.6 42.4+33 0.020*
Nasal floor to ethmoid roof (B) 491147 50.4+5.1 47.7%13.9 0.077
Nasal floor to skull base (C) 456+ 5.1 473%55 440%4.2 0.010*
Nasal floor to sphenoid floor (D) 206+3.2 209+34 20.3+ 3.1 0.562
Nasal floor to orbital floor (E) 324138 33.81+4.1 31.213.0 0.038*
Orbital floor to cribriform plate (A - E) 118144 122145 114146 0.914
Orbital floor to ethmoid roof (B - E) 16.8+4.7 16.8 £ 5.1 16.71+4.4 0.603
Orbital floor to skull base (C - E) 132142 136149 129135 0.399
Sphenoid sinus height (depth) (C - D) 25.0%t45 264152 23.6%+3.3 0.399
Table 2. Comparison of the distances with previous study (Mean £ SD in mm).
Harvey RJ, et al.? Wuttiwongsanon C, et al.®  This study
(CT) (CT) (Cadaver)
Nasal floor to cribriform plate (A) 44.0+3.7 46.4t3.6 441+4.4
Nasal floor to ethmoid roof (B) 48.4+45 49.3+3.8 491+4.7
Nasal floor to skull base (C) 449+37 457 +£3.7 456 %51
Nasal floor to orbital floor (E) 39.0%+3.0 352134 32.4+3.8
Orbital floor to cribiform plate (A - E) 10127 11.2x25 118144
Orbital floor to ethmoid roof (B - E) 145+35 14.1+31 16.8+4.7
Orbital floor to skull base (C - E) 11.0£2.9 10.5+£3.3 13.2+4.2
Sphenoid sinus height (depth) (C - D) 23.1+3.8 - 25.0+45
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Discussion

This study confirmed previous studies by
Wuttiwongsanon C, et al. © and Harvey RJ, et al., ©
which reported that the orbital floor could be utilized
as a surgical landmark in ESBS since all examinations
in this study revealed that the orbital floor was indeed
below the cribriform plate, ethmoid roof and skull base.
The research of Casiano RR."” also affirmed that the
orbital floor could be a secure reference point due to
the approximately 15 to 16 mm distance from medial
orbital floor to the carotid artery, optic nerve and
mid-ethmoidal air cells. No figures were less than
10 mm in endoscopic measurement. To compare CT
measurement in Thai patients of Wuttiwongsanon C,
et al'® as shown in Table II, the distance from the
nasal floor to ethmoid roof (B), to the skull base (C)
and from orbital floor to cribriform plate were almost
the same. As for other outcomes, the distances from
the nasal floor to the cribriform plate (A) and to the
orbital floor (E), and from the orbital floor to the
ethmoid roof (B - E) and to the skull base (C - E), were
a different. The mean difference was not more than
3 mm. Therefore, results from direct measurement
in gross specimens and indirect method in CT were
similar. Comparison CT of Caucasian populations, as
shown in Table I, revealed that the mean distances
from the nasal floor to the cribriform plate (A), orbital
floor to the ethmoid roof (B - E) and to the skull base
(C - E) was closer than Asian population.

When comparing between genders, all figures
in male were longer than in female, but only the
distance from the nasal floor to cribriform plate (A),
skull base (C) and orbital floor (E) were statistically
different. By other means, useful numbers from the
orbital floor to each anatomical reference point were

insignificantly different. Thus, the averages of each

Chula Med J

value, from orbital floor to cribriform plate (11.8 £ 4.4
mm), ethmoid roof (16.8 £ 4.7 mm) and skull base
(13.2 £ 4.2 mm), could refer to both genders. The
results of this study in direct cadaveric measurement
might be beneficial for endoscopic sinus and anterior
skull base surgery.

A limitation of this study was the use of
anatomy tutorial cadavers. Thus the hemisagittal
section could be studied in only one side in a limited
number. Therefore, the comparison between sides

could not be performed.

Conclusions

Direct measurement of the anatomical
landmark for ESBS in hemisagittal head of Thai
cadavers confirmed the results of previous studies in
CT. Additional finding in this study was the statistically
significant difference between both genders in the
distances from nasal floor to the cribriform plate (A),

to the skull base (C) and to the orbital floor (E).
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