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ABSTRACT

AIM: To examine the morphological properties of the cranial aperture of the optic canal (CAOC) in patients with a Chiari type-I 
malformation (CIM).   
MATERIAL and METHODS: Radiological images of 40 patients with CIM (24 females/16 males, mean age: 20.75 ± 14.98 years) and 
40 normal individuals (24 females/16 males, mean age: 23.13 ± 18.89 years) were included in the study to assess the anatomical 
features of CAOC.
RESULTS: The CAOC width (p=0.137), CAOC height (p=0.243), distance between the CAOC and the midsagittal line (p=0.982), 
and angle of the optic canal in the sagittal plane (Ang-in-SP) (p=0.598) were similar in patients with CIM and in the controls. The 
distances between the CAOC and the anterior (Dis-to-AB) and lateral (Dis-to-LB) boundaries of the anterior skull base were smaller 
in patients with CIM than in the controls (p<0.01). However, the angle of the optic canal in the axial plane (Ang-in-AP) was greater 
in patients with CIM than in the controls. Four different aperture shapes were identified in the CIM group (teardrop, n=42 [52.40%]; 
triangular, n=17 [21.30%]; oval, n=9 [11.30%]; and round, n=12 [15%]) and in the control group (teardrop, n=36 [45%]; triangular, 
n=14 [17.50%]; oval, n=10 [12.50%]; and round, n=20 [25%]).
CONCLUSION: A greater Ang-in-AP and shorter Dis-to-LB and Dis-to-AB were found in patients with CIM than in the healthy 
controls. The distance measurements demonstrate that patients with CIM have a shorter and narrower anterior fossa than normal 
individuals.
KEYWORDS: Optic canal, Cranial aperture, Computed tomography, Chiari type-I malformation, Morphometric, Transcranial 
approaches
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Histo-anatomical evaluations have demonstrated that optic 
nerve compression mostly occurs in the proximal part of the 
optic canal (22,40,62). This is due to isolated entities arising 
from the optic nerve and ophthalmic artery (e.g., optic me-
ningioma) and large entities originating from the sellar region 
(e.g., tuberculum sellae meningioma) (13,22,35,40,48,56,61). 
Some surgeons consider removal of only the proximal portion 

█   INTRODUCTION

The cranial aperture of the optic canal (CAOC) is a gate-
way between the middle fossa and the orbit that trans-
mits the ophthalmic artery, optic nerve, and sympathetic 

fibers (2,32,55). These neurovascular structures may be affect-
ed by pathological entities, such as an anterior clinoidal me-
ningioma, located around the CAOC (13,14,22,35,48,60,62). 
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of the optic canal sufficient for optic canal decompression in 
some subjects (22,56,62). Thus, knowledge of the angulation, 
dimension, and depth of the proximal portion may be helpful 
in ensuring accurate intraoperative orientation during implant 
positioning (15). Therefore, detailed anatomical data related to 
the morphologic features of the optic canal’s proximal portion, 
including the CAOC, are needed by neurosurgeons to perform 
a successful operation.

Some authors have reported substantial alterations in the 
anterior and middle fossae of patients with a Chiari type-I 
malformation (CIM) in addition to those in the posterior fossa, 
which may have occurred due to a mesodermal defect (39,52). 
For instance, patients with CIM have a longer anterior fossa 
than healthy individuals (52). Moreover, they have a 38% 
greater sphenoid sinus volume than the healthy individuals 
(9.3 ± 3.0 vs. 6.7 ± 1.9 cm3) (39). Therefore, the increased 
sphenoid sinus volume may affect the angulation, dimension, 
and shape of the anatomical structures located around 
the sellar region (e.g., the pterygoid canal, prechiasmatic 
sulcus, sella turcica, and optic canal). Alterations in the 
anatomy of the optic canal’s proximal portion, including the 
CAOC, may affect the intraoperative surgical orientation, 
positioning of the patient’s head, and choice of surgical 
approach for preventing complications (e.g., vision loss and 
bleeding) (13,22,24,40,57,62). However, the existing studies, 
including shape evaluations, morphometric analyses, detailed 
anatomical definitions, and surgical procedure investigations, 
are mainly conducted in healthy individuals. Herein, we 
have aimed to use computed tomography (CT) to determine 
whether the CAOC morphology is altered in CIM or not when 
compared with normal individuals.

█   MATERIAL and METHODS
Study Population

This retrospective study was approved by the The Clinical 
Research Ethics Committee of Ankara University (confirmation 
no: 2023/169, date: 05/04/2023). The medical records of the 
study participants were retrospectively reviewed and the 
following data were collected: hospital admission/discharge 
dates, treatment procedures, diagnosis, complaints, cranial 
CT images, age at presentation, and sex. According to the 
criteria (Table I), the individuals were divided into the following 
two groups: patients with CIM and controls (an age- and sex-
matched set).

CT Protocol

CT images of the patients’ skull bases were obtained using a 
64-row multidetector scanner (Aquillion 64, Toshiba Medical 
Systems, Tokyo, Japan). The CT parameters were as follows: 
matrix, 512 x 512; field of view, 240 mm; pixel size, 0.46 mm; 
slice thickness, 0.5 mm; tube current, 230 mA; tube voltage, 
120 kV; and interval, 0.3 mm. By transferring the data to a 
workstation, the raw data were converted into three-dimen-
sional (3D) images and reformatted in different planes (sagit-
tal, coronal, and axial).

Measured Parameters

The selected parameters and their explanations for determin-
ing CAOC morphology are presented in Table II (57). The angle 
of the optic canal in the axial plane (Ang-in-AP), the distances 
between the CAOC and the anterior (Dis-to-AB) and lateral 
(Dis-to-LB) boundaries of the anterior skull, and the distance 
between the CAOC and the midsagittal line (Dis-to-MSL) were 

Table I: The Inclusion and Exclusion Criteria for the Study Populations

Criteria CIM Control group

Inclusion criteria Patients with CIM Patients without malformations (syndromic or 
genetic)

Patients without a history of surgical intervention 
around the optic canal Patients without fractures, infections, tumors

Patients with good quality CT images Patients without a history of surgical intervention 
around the optic canal

Patients without a history of medical treatment 
related to the optic canal

Patients with good quality CT images

Exclusion criteria Patients with the other types of Chiari malformation  Patients with malformations (syndromic or genetic)

Patients with a history of surgical intervention 
around the optic canal Patients with fractures, infections, tumors

Patients with low quality CT images Patients with a history of surgical intervention around 
the optic canal

Patients with a history of medical treatment related 
to the optic canal

Patients with low quality CT images

CIM: Chiari type I malformation, CT: computerized tomography.
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measured on the axial images. The CAOC height (CAOC-H) 
and CAOC width (CAOC-W) were measured on the coronal 
images. Additionally, the angle of the optic canal in the sag-
ittal plane (Ang-in-SP) was measured on the sagittal images 
(Figures 1 and 2).

Shape of the CAOC

In previous studies (1,3,23,34,57), the following CAOC shapes 
have been identified: polygonal, rhomboidal, triangular, 

teardrop, round, elliptical, and oval (ovoid). We classified 
patients based on these shapes. 

Statistical Analysis

Statistical evaluations were performed using SPSS (version 
22.0; IBM, Armonk, NY, USA). CIM/control and male/female 
comparisons were performed using the Mann–Whitney U test. 
Right-sided/left-sided comparisons were performed using the 
Wilcoxon test. Dispersion of CAOC shapes in the controls and 

Table II: Definations of the Parameters 

Parameters Descriptions

CAOC-H The vertical diameter of CAOC in coronal plane on CT

CAOC-W The horizontal diameter of CAOC in coronal plane on CT

Dis-to-AB The distance between CAOC (the frontmost point) and the anterior boundary of the anterior skull base in axial 
plane on CT

Dis-to-LB The distance between CAOC (the most lateral point) and the lateral boundary of the anterior skull base in axial 
plane on CT

Dis-to-MSL The distance between CAOC (the most medial point) and the midsagittal line in axial plane on CT

Ang-in-AP The angle between the optic canal and the sagittal horizontal line (i.e., the midline axis) in axial plane on CT

Ang-in-SP The angle between the optic canal and the sagittal horizontal line (i.e., the line parallel to the ground) in 
sagittal plane on CT

Figure 1: Parameters: a) CAOC-H, b) CAOC-W, c) Dis-to-MSL, d) Dis-to-LB, and e) Dis-to-AB.

Figure 2: Parameters: 
a) Ang-in-SP, and 
b) Ang-in-AP.
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(p=0.982) were similar between the patients CIM and the 
controls (Table III).

•	 Among the patients with CIM, the males had a smaller 
Ang-in-SP than the females (p=0.037) (Table IV). 

•	 Among the healthy controls, the males had a smaller 
Ang-in-SP (p=0.049) but greater Dis-to-AB (p=0.001) and 
Dis-to-MSL (p=0.002) than the females. Furthermore, the 
CAOC-H (p=0.001) and CAOC-W (p<0.001) were smaller 
on the right side than on the left side (Table IV).

•	 Four different CAOC shapes were identified in the patients 
with CIM (teardrop, n=42 [52.40%]; triangular, n=17 
[21.30%]; round, n=12 [15%]); and oval, n=9 [11.30%] 
and the healthy controls teardrop, n=36 [45%]; round, 
n=20 [25%]); triangular, n=14 [17.50%]; and oval, n=10 
[12.50%]) (Figure 3). 

patients with CIM was evaluated using the chi-square test. 
The normality of the data was assessed using the Shapiro–
Wilk test. A p-value of <0.05 was considered statistically 
significant.

█   RESULTS
Radiological images of 40 patients (24 females/16 males) 
with CIM, aged 20.75 ± 14.98 years, and admitted to the 
hospital between 2010 and 2022 were included in the study. 
Additionally, the radiological images of 40 healthy individuals 
(24 females/16 males), aged 23.13 ± 18.89 years, were also 
included in the study. Our findings are as follows:

•	 Compared with the controls, patients with CIM had a 
smaller Dis-to-LB (p=0.003) and Dis-to-AB (p<0.001) but 
greater Ang-in-AP (p=0.006). The Ang-in-SP (p=0.598), 
CAOC-H (p=0.243), CAOC-W (p=0.137) and Dis-to-MSL 

Table III: Comparison of CM-I and the Control Group

Parameters CIM (n=80) Control (n=80) p-value
CAOC-H (mm) 3.69 ± 0.69 (1.86-5.80) 3.75 ± 1.18 (1.99-7.28) 0.243
CAOC-W (mm) 5.15 ± 0.96 (2.82-7.59) 5.30 ± 1.25 (2.05-7.70) 0.137
Dis-to-AB (mm) 52.82 ± 6.14 (42.50-72) 57.41 ± 7.40 (36.60-74.10) <0.001
Dis-to-LB (mm) 37.50 ± 4.21 (24.90-47.20) 39.43 ± 4.49 (23.60-48.20) 0.003
Dis-to-MSL (mm) 7.64 ± 1.64 (4.60-12.80) 7.67 ± 1.91 (3.23-11.80) 0.982
Ang-in-AP (°) 34.42 ± 5.29 (24.50-46) 31.80 ± 4.89 (19.60-42.20) 0.006
Ang-in-SP (°) 15.04 ± 3.80 (8.10-27.40) 14.97 ± 3.28 (6.20-24.10) 0.598
N: Numbers of sides, CAOC-H: The vertical diameter of CAOC, CAOC-W: The horizontal diameter of CAOC,  Dis-to-AB: The distance between 
CAOC (the frontmost point) and the anterior boundary of the anterior skull base, Dis-to-LB: The distance between CAOC (the most lateral point) 
and the lateral boundary of the anterior skull base, Dis-to-MSL: The distance between CAOC (the most medial point) and the midsagittal line, 
Ang-in-AP: The angle between the optic canal and the sagittal horizontal line in axial plane, Ang-in-SP: The angle between the optic canal and 
the sagittal horizontal line in sagittal plane.

Figure 3: Aperture shapes on coronal 
CT images.
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The shrinking volume results in overcrowding of the hindbrain 
and causes various symptoms, such as vertigo, hearing 
loss, hoarseness, pain, facial numbness, and gait instability 
(5,38,51,54,58,59). Some authors claim that the entire skull, 
and not just the posterior fossa, is affected by CIM, possibly 
because of a mesodermal defect (52). The sphenoid sinus 
volume is reportedly 38% greater in patients with CIM than 
in healthy controls (9.3 ± 3.0 vs. 6.7 ± 1.9 cm3; p<0.001) (39). 
Moreover, Patel et al. (45) encountered an enlarged pituitary 
gland on the radiological images of some patients with a Chiari 
type-II malformation (CIIM). Subsequently, they conducted a 
systematic investigation to examine the sella morphology on 
the magnetic resonance imaging (MRI) views of 21 patients. 
They observed that patients with CIIM had a taller pituitary 
gland (with no pathology), longer tuberculum sella, shorter 
dorsum sella, and shallow sella than healthy controls. The 
pituitary gland of patients with CIIM may appear slightly taller 

•	 The dispersion ratio of CAOC shapes relative to both 
groups is presented in Table V, which proves that the 
shape of the CAOC was not affected by the presence of a 
CIM (p=0.423).

•	 In both the groups, the CAOC-W was greater than the 
CAOC-H (p<0.001).

█   DISCUSSION
The downward herniation of the cerebellar tonsil into the 
foramen magnum is described as CIM (28). Its prevalence is 
approximately 0.24–3.6% (28). Its main cause is considered 
to be deviations in the development of the occipital somite, 
which originates from the paraxial mesoderm (5). The posterior 
fossa’s bony components are considered the most affected 
structures in patients with CIM, who reportedly have a 23% 
smaller posterior fossa volume than the healthy controls (5, 51). 

Table IV: Sex and Side Comparisons for CIM and the Control Group

Parameters Females (n=48) Males (n=32) p-value Right (n=40) Left (n=40) p-value

CIM

CAOC-H (mm) 3.77 ± 0.64 3.58 ± 0.76 0.235 3.61 ± 0.65 3.78 ± 0.73 0.281
CAOC-W (mm) 5.17 ± 0.87 5.13 ± 1.10 0.867 5.08 ± 0.95 5.23 ± 0.99 0.467
Dis-to-AB (mm) 52.51 ± 5.53 53.25 ± 6.95 0.647 52.94 ± 6.18 52.71 ± 6.17 0.807
Dis-to-LB (mm) 37.99 ± 3.68 36.80 ± 4.85 0.215 37.93 ± 4.43 37.07 ± 3.99 0.310

Dis-to-MSL (mm) 7.89 ± 1.59 7.26 ± 1.66 0.080 7.64 ± 1.70 7.64 ± 1.59 0.996
Ang-in-AP (°) 34.25 ± 4.77 34.68 ± 6.07 0.825 33.81 ± 4.99 35.03 ± 5.58 0.341
Ang-in-SP (°) 15.83 ± 4.10 13.84 ± 2.98 0.037 15.18 ± 3.93 14.89 ± 3.71 0.791
Parameters Females (n=48) Males (n=32) p-value Right (n=40) Left (n=40) p-value

Control

CAOC-H (mm) 3.49 ± 0.94 4.14 ± 1.39 0.147 3.24 ± 0.54 4.26 ± 1.41 0.001
CAOC-W (mm) 5.37 ± 1.15 5.19 ± 1.40 0.404 4.71 ± 1.29 5.89 ± 0.89 <0.001
Dis-to-AB (mm) 55.55 ± 7.44 60.19 ± 6.52 0.001 57.59 ± 7.56 57.23 ± 7.34 0.862
Dis-to-LB (mm) 38.83 ± 5.01 40.35 ± 3.47 0.116 39.46 ± 4.55 39.41 ± 4.49 0.988

Dis-to-MSL (mm) 7.10 ± 1.68 8.53 ± 1.94 0.002 7.50 ± 1.77 7.84 ± 2.05 0.593
Ang-in-AP (°) 30.97 ± 4.99 33.03 ± 4.53 0.088 31.87 ± 4.76 31.72 ± 5.07 0.881
Ang-in-SP (°) 15.64 ± 3.08 13.97 ± 3.36 0.049 14.90 ± 3.32 15.05 ± 3.28 0.935

n: Numbers of sides, CAOC-H: The vertical diameter of CAOC, CAOC-W: The horizontal diameter of CAOC,  Dis-to-AB: The distance between 
CAOC (the frontmost point) and the anterior boundary of the anterior skull base, Dis-to-LB: the distance between CAOC (the most lateral point) 
and the lateral boundary of the anterior skull base, Dis-to-MSL: The distance between CAOC (the most medial point) and the midsagittal line, 
Ang-in-AP: The angle between the optic canal and the sagittal horizontal line in axial plane, Ang-in-SP: The angle between the optic canal and 
the sagittal horizontal line in sagittal plane.

Table V: Distribution of CAOC Shapes in CIM and the Control Group

Types CIM Control Total p-value

Tear-drop 42 (52.4%) 36 (45.0%) 78

0.423

Round 12 (15.0%) 20 (25.0%) 32

Triangular 17 (21.3%) 14 (17.5%) 31

Oval 9 (11.3%) 10 (12.5%) 19

Total 80 80 160
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mm) than in males (CAOC-H, 4.50 ± 0.64 mm; CAOC-W, 6.26 
± 0.80 mm) (57). However, Adanir et al. reported a similar 
CAOC-H in both sexes, but a smaller CAOC-W in females 
than in males (7 ± 1.09 vs. 7.54 ± 1.15 mm) (1). 

In our study, the Ang-in-AP was greater in the CIM group 
than in the normal group (34.42° ± 5.29° vs. 31.80° ± 4.89°) 
(p=0.006). These findings were similar to those of previous 
articles (Table VII) (1,12,17,19,21,26,27,43,44,53,57,63), in 
which the average Ang-in-AP was 29.56–45.32°. Ten et al.  
observed a greater Ang-in-AP in the infancy period, and the 
angle did not change in the following periods. The Ang-in-SP 
was 15.04° ± 3.80° in patients with CIM and 14.97° ± 3.28° in 
healthy controls (p=0.598) (57). These values for both groups 
were similar to those of previous articles (Table VII) (1,17,43,57), 
in which the average Ang-in-SP was 7.57–18.20°. Ten et 
al. found a decrease in the Ang-in-SP with growth (infancy 
period, 24.87° ± 5.74° vs. postpubescence period, 12.81° ± 
5.53°) (57). In both groups, there was no significant difference 
between the right and left sides, which was similar to findings 
of previous studies (1,57). In both groups, the Ang-in-AP was 
similar in both sexes. However, the Ang-in-SP was smaller in 
males than in females. Adanir et al. observed a smaller Ang-
in-SP in females (7.24° ± 3.95°) than in males (7.89° ± 3.92°), 
and a similar Ang-in-AP in both sexes (1). However, Ten et al. 
did not find a significant difference in the angles between the 
sexes (57).

The Dis-to-MSL was 7.64 ± 1.64 mm in the CIM group and 
7.67 ± 1.91 mm in the control group. This parameter was not 
affected by the presence of a CIM (p=0.982). Our study’s Dis-
to-MSL value was comparable to those of previous studies 
(Table VII) (1,17,25,43,57,63), in which the average Dis-to-
MSL was 5.77–7.64 mm. Ten et al. observed an increase in 
the Dis-to-MSL with growth from the infancy period to the late 
childhood period (57). Thereafter, there was no subsequent 
change in the Dis-to-MSL. The Dis-to-LB was smaller in the 
CIM group than in the normal group (37.50 ± 4.21 vs. 37.50 ± 
4.21 mm) (p=0.003). Our study’s Dis-to-LB value was slightly 
smaller than that of previous studies (Table VI) (1,57), in which 
the average Dis-to-LB was 41–42.55 mm. Ten et al. found an 
increase in the Dis-to-LB with growth from the infancy period 
to the early childhood period (57). Thereafter, there was no 
subsequent change in the Dis-to-LB. The Dis-to-AB was 
smaller in the CIM group than in the normal group (52.82 ± 
6.14 vs. 57.41 ± 7.40 mm) (p<0.001). Our study’s Dis-to-AB 
value was comparable to those of previous studies (Table VIII) 
(1,3,16,30,31,36,43,57), in which the average Dis-to-AB was 
44.38–64.97 mm. In our opinion, the main reason for the wide 
range in Dis-to-AB and Dis-to-LB values was the selection of 
different landmarks. Ten et al. found an increase in the Dis-
to-AB (i.e., the orbital depth) with growth from the infancy 
period to the postpubescence period (44.15 ± 2.51 vs. 58.20 
± 3.05 mm) (57). Our study findings demonstrated that the 
Dis-to-LB and Dis-to-AB were affected by the presence of 
a CIM. The short Dis-to-LB and Dis-to-AB may indicate that 
patients with CIM have a shorter and narrower anterior fossa 
than normal individuals. In the CIM and control groups, we did 
not find a significant difference between the left- and right-
sided distance measurements, which is similar to the findings 

on MRI views because of the shallow sella. This may result 
in the normal gland being incorrectly interpreted as enlarged 
in such patients (45). These study results indicate that the 
angulation, size, and location of the anatomical structures 
around the sellar region (e.g., the optic canal) are significantly 
affected by CIM or CIIM.

Optic nerve compression may be seen in patients with CIM 
because of optic strut thickening and optic canal narrow-
ing caused by pathological lesions such as osteopetrosis 
(4,20,37). Using an endoscopic transcaruncular approach, 
Medsinge et al. performed optic canal decompression in a pe-
diatric patient (6-month-old girl) with CIM (37). The treatment 
procedures for optic canal compression are of great signifi-
cance for surgeons (7,22,35,40,56,61,62). In some patients, 
270° decompression is achieved by the removal of the optic 
strut and anterior clinoid process (7). In some patients, remov-
al of only the optic canal’s proximal portion, where compres-
sion most commonly occurs, is sufficient for decompression 
(22,56,62). Morphologic features of the structures around the 
sellar region may influence the selection of a suitable surgi-
cal procedure (9-11,22,24). For instance, if the position of the 
optic nerve is changed by a pathological entity distorting the 
optic canal, the safest way to avoid involuntary injury is to 
use the normal course of the optic nerve (24). An increase in 
the available anatomical data (results of surgical procedure 
investigations, quantitative assays, shape evaluations, and 
detailed morphologic definitions) regarding the structures (in-
cluding the optic canal’s proximal portion) around the sellar 
region may be helpful in reducing the morbidity and mortality 
rates (2,8,18,22,24,33,57). Our dataset focused on CT images 
of 40 patients with CIM with the aim to understand whether 
the optic canal of patients with CIM differs from that of normal 
individuals and determine whether procedures designed for 
normal individuals are appropriate for patients with CIM.

Our CAOC-H (CIM, 3.69 ± 0.69 mm; control, 3.75 ± 1.18 mm; 
p=0.243) and CAOC-W (CIM, 5.15 ± 0.96 mm; controls, 5.30 
± 1.25 mm; p=0.137) values were concordant with those of 
previous studies (Table VI) (1,3,12,21,25,29,32,34,46,47,49,50
,53,57), in which the average CAOC-H was 3.60–5.17 mm and 
the average CAOC-W was 4.59–7.38 mm. Our findings indicate 
that CAOC-H and CAOC-W are not affected by CIM. In the 
CIM group, a significant difference was not observed between 
the right and left side values. However, in the control group, 
the left-sided measurements were greater than the right-sided 
measurements. Most previous studies have reported that 
there are no significant differences in measurements between 
the sides (1,8,25,46,47,49,57). However, Kalthur et al. 
observed a smaller left-sided opening (CAOC-H, 3.54 ± 0.71 
mm; CAOC-W, 4.51 ± 0.79 mm) than the left-sided opening 
(CAOC-H, 3.67 ± 0.82 mm; CAOC-W, 4.68 ± 0.86 mm) (29). 
Kumar et al. also found a smaller CAOC-H on the left side than 
on the right side (32). However, we did not find a significant 
difference between males and females in the CIM group 
and the controls. Kalthur et al. observed smaller apertures 
in females (CAOC-H, 3.51 ± 0.82 mm; CAOC-W, 4.24 ± 0.67 
mm) than in males (CAOC-H, 3.63 ± 0.74 mm; CAOC-W, 4.75 
± 0.83 mm) (29). Similarly, Ten et al. found smaller apertures 
in females (CAOC-H, 4.20 ± 0.60 mm; CAOC-W, 5.98 ± 0.86 
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ing four CAOC shapes were identified: teardrop (45%), round 
(25%), triangular (17.50%), and oval (12.50%). Our study 
findings demonstrated that the CAOC shape was not affect-
ed by the presence of a CIM (p=0.423). In previous studies 
(1,3,23,34,57), the seven different CAOC shapes were iden-
tified as follows: rhomboidal, oval (ovoid), elliptical, round, 
teardrop, triangular, and polygonal. In this study, elliptical-, 
rhomboidal-, and polygonal-shaped CAOCs were not iden-
tified. In previous studies (Table IX), the frequency of CAOC 
shapes was as follows: 11.8–100% for oval, 2.8–100% for 
round, 46.5–51.6% for teardrop, 22.5–39% for triangular, and 

of previous studies (1,57). In the CIM group, these three 
distances were similar in both sexes. However, in the control 
group, the Dis-to-MSL was similar in both sexes, and the Dis-
to-LB and Dis-to-AB were greater in males than in females. 
Similarly, Ten et al. and Adanir et al. determined that the Dis-
to-LB and Dis-to-AB were greater in males than in females 
(1,57).

In the CIM group, the following four CAOC shapes were iden-
tified: teardrop (52.40%), triangular (21.30%), round (15%), 
and oval (11.30%). Similarly, in the control group, the follow-

Table VI: Morphometric Data Related to the Dimension and Location of CAOC in the Literature

Study Region Specimen n Methods CAOC-H (mm) CAOC-W (mm) Dis-to-LB 
(mm)

Akdemir et al., (3) Türkiye Adult dry skulls 50 Anatomic - R: 7.43 ± 1.95, 
L: 7.38 ± 2.01 -

Govsa et al., (21) Türkiye Dry skulls 318 Anatomic R: 4.7 ± 0.79, 
L: 4.55 ± 0.65

R: 4.91 ± 0.49, 
L: 4.71 ± 0.43 -

Hart et al., (25) USA Adult patients 191 CT scans 4 (2-6) 6.7 (3-11) -

Kalthur et al., (29) India Adult dry skulls 50 Anatomic 5.17 ± 0.81 5.48 ± 0.76 -

Adult patients 214 CT scans 3.60 ± 0.76 4.59 ± 0.83 -

Berlis et al., (12) Germany Adult dry skulls 120 Anatomic 3.70 ± 0.60 6.25 ± 0.90 -

Adult dry skulls 120 CT scans 3.63 ± 0.55 7.64 ± 1.11 -

Kumar et al., (32) India Adult dry skulls 60 Anatomic R: 4.82 ± 0.77, 
L: 5.14 ± 0.73

R: 6.15 ± 0.81, 
L: 6 ± 0.86 -

Maniscalco and Habal, 
(34) USA Cadavers 83 Anatomic - 7.18 (5-9.5) -

Prado et al., (46) Brazil Fetal dry skulls 50 Anatomic - R: 3.79 ± 0.65, 
L: 3.76 ± 0.66 -

Child dry skulls 48 Anatomic - R: 4.67 ± 0.80, 
L: 4.72 ± 0.88 -

Adult dry skulls 48 Anatomic - R: 5.24 ± 1.20, 
L: 5.43 ± 1.03 -

Purohit and Singh, (47) India Adult dry skulls 300 Anatomic - R: 5.03 ± 0.72, 
L: 5.02 ± 0.76 -

Radunovic et al., (49) Montenegro Dry skulls 60 Anatomic R: 4.65 ± 0.6, 
L: 4.55 ± 0.56

R: 4.90 ± 0.51, 
L: 4.85 ± 0.49 -

Rajeswaran et al., (50) India Dry skulls 140 Anatomic - R: 5.4, L: 5.5 -

Slavin et al., (53) USA Cadavers 40 Anatomic - 5.14 ± 0.9 -

Beger, (8) Türkiye Fetuses 50 Anatomic 1.58 ± 0.36 1.83 ± 0.59 -

Ten et al., (57) Türkiye Child Patients 400 CT scans 4.35 ± 0.64 6.12 ± 0.84 42.55 ± 3.28

Adanir et al., (1) Türkiye Adult Patients 800 CBCT 4.22 ± 0.74 7.27 ± 1.15 41.00 ± 4.05

Present study Türkiye CIM 80 CT scans 3.69 ± 0.69 5.15 ± 0.96 37.50 ± 4.21

Control 80 CT scans 3.75 ± 1.18 5.30 ± 1.25 39.43 ± 4.49

n: Numbers of sides, CT: computed tomography, CBCT: cone-beam computed tomography, R: right, L: left.
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Table VIII: Morphometric Data Related to Dis-to-AB in the Literature

Studies Specimen n Methods Landmark points Landmark points Measurements

Akdemir et al., (3) Adult dry skulls 50 Anatomic Frontal-maxilla-
lacrimal conjunction CAOC R: 49.52 ± 2.62,

L: 50.94 ± 3.35

Oztürk et al., (43) Adult dry skulls 152 Anatomic Anterior border of ACF Limbus sphenoidale 44.5 (34.2-53.7)

Karampatakis et al., (30) Dry skulls 50 Anatomic Inferior orbital rim Lateral margin of CAOC 49.62 ± 2.46

Cheng et al., (16) Dry skulls 194 Anatomic Inferior orbital rim Optic canal 44.38 ± 3.55

Katsev et al., (31) Adult dry skulls 120 Anatomic Inferior temporal 
orbital rim

Nasal entrance of optic 
foramen 42-54

McQueen et al., (36) Cadavers 54 Anatomic Intraorbital foramen Optic canal 49.73 ± 2.71

Supraorbital foramen 
or notch Optic canal 48.65 ± 3.21

Ten et al., (57) Child Patients 400 CT scans Anterior boundary of 
ACF Anterior rim of CAOC 54.04 ± 5.23

Adanir et al., (1) Adult Patients 800 CBCT scans Anterior boundary of 
ACF Anterior rim of CAOC 64.97 ± 6.36

Present study CIM 80 CT scans Anterior boundary of 
ACF Anterior rim of CAOC 52.82 ± 6.14

Control 80 CT scans Anterior boundary of 
ACF Anterior rim of CAOC 57.41 ± 7.40

ACF: Anterior cranial fossa, CT: Computed tomography, CBCT: Cone-beam computed tomography.

Table VII: Morphometric Data Related to the Angulation and Location of CAOC

Study Regions Specimens n Methods Dis-to-MSL (mm) Ang-in-AP (°) Ang-in-SP (°)

Govsa et al., (21) Türkiye Dry skulls 318 Anatomic R: 7.64 ± 1.18, 
L: 7.48 ± 2.01

R: 39.58 ± 4.03, 
L: 38.5 ± 3.27 -

Berlis et al., (12) Germany Adult dry skulls 120 CT scans - 39.1 -

Harwood-Nash, (26) Canada Children 150 CT scans - 39.5 -

Slavin et al., (53) USA Cadavers 40 Anatomic - 29.56 (22-34) -

Oztürk et al., (43) Türkiye Adult dry skulls 152 Anatomic R: 6.8, l: 6.9 R: 38.8, L: 38.1 R: 16.9, L: 18.2

Park et al., (44) Korea Patients 50 CT scans - 39.9±4.63 -

Cheng et al., (17) China Patients 400 CT scans R: 6.64 ± 0.97, 
L: 6.48 ± 0.90

R: 45.32 ± 4.67, 
L: 44.21 ± 4.46

R: 10.27 ± 5.79, 
L: 10.34 ± 6.17

Hayashi et al., (27) Japan Adult cadavers 39 Anatomic - 41.8 (28-51) -

Zhang et al., (63) China Adult patients 240 CT scans R: 7.01 ± 1.43, 
L: 6.99 ± 1.28 43.23 ± 4.47 -

Goldberg et al., (19) USA Cadavers 4 Radioanatomic - 30 -

Ten et al., (57) Türkiye Child Patients 400 CT scans 7.17 ± 1.48 39.28 ± 5.13 16.01 ± 6.76

Adanir et al., (1) Türkiye Adult Patients 800 CBCT scans 5.77 ± 1.32 38.96 ± 4.36 7.57 ± 3.95

Present study Türkiye CIM 80 CT scans 7.64 ± 1.64 34.42 ± 5.29 15.04 ± 3.80

Control 80 CT scans 7.67 ± 1.91 31.80 ± 4.89 14.97 ± 3.28

n: Numbers of sides, CT: Computed tomography, CBCT: Cone-beam computed tomography.
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2.4% for polygonal. These rates demonstrate that shape defi-
nitions are quite variable. The main reasons for the variations 
between works may be regional differences, small-scale stud-
ies, and imperfect techniques (21,23,34,47,57).

Recent studies have demonstrated that not only the bony 
components of the posterior fossa but also those of the 
anterior and middle fossae are affected by CIM. Ozalp et al. 
reported that patients with CIM had a shorter anterior clinoid 
process, longer optic strut, more anteriorly located optic strut, 
wider angled anterior clinoid process, and greater sulcal angle 
(angle between the prechiasmatic sulcus and sphenoidal yoke) 
than healthy controls (41,42). Nwotchouang et al. observed 
that the ST area in patients with CIM was 27% smaller than 
that in normal individuals (69.7 ± 22.1 vs. 95.1 ± 23.8 mm2, 
p<0.001) (39). Bas et al. found a smaller sella volume in 
patients with CIM than in healthy controls (41.4 vs. 53.3 mm3, 
p=0.034) (6). In this study, we determined that patients with 
CIM have a greater Ang-in-AP, shorter Dis-to-LB, and shorter 
Dis-to-AB than normal individuals.

█   CONCLUSION
In this study, we observed a shorter Dis-to-AB, greater Ang-in-
AP, and shorter Dis-to-LB in patients with CIM than in healthy 
individuals. The shorter Dis-to-AB and Dis-to-LB demonstrate 
that patients with CIM have a shorter and narrower anterior 
fossa than normal individuals. Furthermore, the distribution 
rate of the CAOC shape relative to both groups demonstrated 
that the aperture shape was not affected by the presence of 
a CIM. Thus, Dis-to-AB and Dis-to-LB should be evaluated in 
patients with CIM during preoperative radiologic examinations 
to ensure safe performance of optic canal decompression. 
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