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Cranial Aperture of the Optic Canal in Chiari Malformation
Type 2: A Morphometric Study on CT Images
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ABSTRACT

AIM: To identify morphological differences in the cranial aperture (CA) of the optic canal (OC) in patients with Chiari malformation
type 2 (CMT2) by comparing them with healthy individuals.

MATERIAL and METHODS: Computed tomography images were analyzed for 40 patients with CMT2 (16 females, 24 males; mean
age, 10.05 + 4.51 years; age range, 6-18 years) and 40 control subjects (21 females, 19 males; mean age, 10.03 + 4.81 years;
age range, 6-18 years). Measurements included the height (HCA), width (WCA), and surface area (ACA) of the CA, as well as the
distances from the CA to the anterior border of the anterior cranial fossa (AB-CA), lateral border (LB-CA), and midsagittal line (MSL-
CA). Additionally, the angles of the OC were assessed in both the axial (APA) and sagittal planes (SPA).

RESULTS: In the CMT2 group, mean values were as follows: HCA 3.64 + 0.81 mm, WCA 3.08 + 0.87 mm, ACA 7.58 + 2.84 mm?,
AB-CA 44.99 = 7.69 mm, LB-CA 29.17 + 5.08 mm, MSL-CA 7.07 + 2.44 mm, APA 30.64° + 6.03°, and SPA 24.31° + 5.09°. In the
control group, corresponding values were HCA 4.22 + 0.60 mm, WCA 4.54 + 1.04 mm, ACA 12.81 + 3.80 mm?, AB-CA 52.73 = 6.71
mm, LB-CA 35.86 + 4.33 mm, MSL-CA 10.21 + 2.21 mm, APA 35.96° + 3.23°, and SPA 28.64° + 4.34°. All measurements were
significantly smaller in the CMT2 group compared to controls (p<0.001).

CONCLUSION: Patients with CMT2 exhibit significantly reduced CA dimensions and angular measurements of the OC. These
differences, particularly in depth and orientation, may be clinically relevant when planning surgical interventions such as OC
decompression.

KEYWORDS: Chiari malformation type 2, Transcranial approach, Optic canal, Cranial aperture, Computed tomography

B INTRODUCTION significant, as compression of the optic nerve commonly
occurs at the proximal portion of the OC (17,29,42). This
compression may result from two main causes: (a) isolated
lesions originating from neurovascular structures within the
OC, such as optic nerve sheath meningiomas, and (b) larger

as a passage for structures such as the optic nerve,
ophthalmic artery, and sympathetic fibers between the
middle cranial fossa and the orbit (2,22). The CA is clinically

The cranial aperture (CA) of the optic canal (OC) serves
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lesions extending from the supra- and parasellar regions, such
as tuberculum sellae meningiomas (12,17,24,29,35, 38,41,42).
In certain cases, limited bone removal around the CA may be
adequate for decompression of the OC (17,38,42). Additionally,
anatomical information about the proximal segment of the
OC—such as its angulation, depth, and dimensions—can
assist surgical teams in achieving proper orientation during
procedures involving implant placement (14). Therefore,
thorough knowledge of CA anatomy is essential for the
effective execution of such surgical approaches.

Recent studies have shown that the bony structures of the
entire skull base are significantly influenced by Chiari malfor-
mation type 1 (CMT1) and type 2 (CMT2) (28,30,34,37). Ozalp
et al. compared the CA morphology between CMT1 patients
and controls, finding that the position and angulation of the
proximal OC were altered in CMT1 (30). Variations in crani-
al base anatomy—such as the location and angulation of
the CA—in individuals with CMT1 or CMT2 may impact the
choice of surgical technique, intraoperative orientation, and
head positioning during procedures (4,5,28,30-33). However,
no studies to date have specifically addressed the anatomical
characteristics of the proximal OC, including detailed CA-re-
lated descriptions, in patients with CMT2. Therefore, a new
investigation focusing on the CA in CMT2 may help determine
whether this bony structure exhibits anatomical differences
compared to healthy individuals.

The primary aim of this study is to assess the anatomical
features of the CA in order to contribute to the existing
literature on cranial base morphology in patients with CMT2.

B MATERIAL and METHODS
Ethics Statement

This study received ethical approval from the Clinical
Research Ethics Committee (approval no: 2024/13-09, dated
20/12/2024).

Study Design

The study population was categorized into two groups: pa-
tients with CMT2 and control subjects. These groups were
formed based on a review of patient records. The files includ-
ed details such as admission and discharge dates, presenting
complaints, diagnostic procedures, treatment methods, radio-
logical images (MRI, magnetic resonance imaging; CT, com-
puted tomography), and demographic information including
age and gender.

Inclusion and Exclusion Criteria

Patients in the CMT2 group presented with herniation of
brain structures—including the cerebellar vermis, brainstem,
and fourth ventricle—and had a documented history of
meningomyelocele. The inclusion criteria for this group were
(a) availability of high-quality preoperative MRI and CT images
and (b) a confirmed diagnosis of CMT2 based on clinical and
radiological evaluations conducted between 2010 and 2024.
The exclusion criteria were (a) presence of other types of Chiari
malformation, such as CMT1, (b) any cranial base pathology
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(e.g., tumor), and (c) a history of surgery involving the anterior
or middle cranial fossae.

For the control group, inclusion criteria were (a) availability
of high-quality MRl and CT images and (b) no known
abnormalities (e.g., healthy individuals). Exclusion criteria
included (a) presence of any congenital malformation or
genetic disorder, (b) any pathological condition such as a
tumor, and (c) a history of medical or surgical intervention
involving the skull base.

Study Population

The study included CT scans from 40 patients with CMT2,
with a mean age of 10.05 + 4.51 years (range, 6-18 years).
This group comprised 16 females (mean age, 10.59 + 4.63
years) and 24 males (mean age, 9.67 = 3.47 years), with
no significant age difference between genders (p=0.253).
Additionally, CT scans from 40 control subjects were analyzed,
with a mean age of 10.03 + 4.81 years (range, 6-18 years).
This group included 21 females (mean age, 9.93 + 4.69 years)
and 19 males (mean age, 10.13 + 3.93 years), also showing no
significant age difference between genders (p=0.812).

CT Protocol

Raw imaging data were acquired using a dual-source
128-slice CT scanner (SOMATOM Definition Flash, Siemens
Healthineers, Forchheim, Germany). From these datasets,
axial, coronal, and sagittal plane images were reconstructed.
Morphological details of the anterior clinoid process and optic
strut were evaluated using 3D Slicer software (version 5.2.1;
https://www.slicer.org/).

Measured Parameters

Eight parameters were measured to evaluate the CA, as
summarized in Table . These included the height (HCA), width
(WCA), and surface area (ACA) of the CA, the distances from
the CA to the anterior (AB-CA) and lateral (LB-CA) margins
of the anterior cranial base, the distance to the midsagittal
line (MSL-CA), and the angles of the OC in the axial (APA)
and sagittal (SPA) planes (30,40). Axial CT slices were used
to measure APA, ACA, AB-CA, LB-CA, and MSL-CA. Coronal
slices were used for HCA and WCA measurements, while
sagittal slices were used for SPA (Figures 1 and 2).

Statistical Analysis

Comparisons between the CMT2 and control groups, and
between male and female subjects, were performed using
independent samples t-test. Right-left side comparisons were
conducted using paired samples t-tests. The normality of the
data, taking into account pediatric developmental stages
(late childhood, prepubescence, and postpubescence), was
assessed using the Shapiro-Wilk test (40). Statistical analyses
were conducted using SPSS software (version 22.0; IBM,
Armonk, NY). A p-value of less than 0.05 was considered
statistically significant.

B RESULTS

In the CMT2 group, the measurements were as follows: HCA
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Table I: Definitions and Abbreviations of the Parameters

Parameters Units Descriptions

HCA mm Vertical diameter of the optic canal’s cranial aperture in coronal plane on CT
WCA mm Horizontal diameter of the optic canal’s cranial aperture in coronal plane on CT
ACA mm? Surface area of the optic canal’s cranial aperture in coronal plane on CT

Distance between the optic canal’s cranial aperture (the frontmost point) and the anterior boundary of

AB-CA mm the anterior skull base in axial plane on CT

Distance between the optic canal’s cranial aperture (the most lateral point) and the lateral boundary of

LB-CA mm the anterior skull base in axial plane on CT

Distance between the optic canal’s cranial aperture (the most medial point) and the midsagittal line in

MSL-CA mm axial plane on CT

APA degree Angle between the optic canal and the sagittal horizontal line (i.e., the midline axis) in axial plane on CT

Angle between the optic canal and the sagittal horizontal line (i.e., the line parallel to the ground) in

SPA degree sagittal plane on CT

CT: Computed tomography. HCA: The height of the cranial aperture, WCA: The width of the cranial aperture, ACA: The surface area of the cranial
aperture, AB-CA: The distance from the cranial aperture to the anterior margin of the anterior cranial base, LB-CA: The distance from the cranial
aperture to the lateral margin of the anterior cranial base, MSL-CA: The distance from the cranial aperture to the midsagittal line, APA: The angle
of the optic canal in the axial plane, SPA: The angle of the optic canal in the sagittal plane.
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Figure 1: Measured parameters related to the size and position of the cranial aperture (CA). a) the height of the CA (HCA), b) the width
of the CA (WCA), c) the surface area of the CA (ACA), d) the distance from the CA to the midsagittal line (MSL-CA), e) the distance from
the CA to the lateral margin of the anterior cranial base (LB-CA), and f) the distance from the CA to the anterior margin of the anterior
cranial base (AB-CA). A line was drawn parallel to the midsagittal line, starting from the frontmost point of the CA and ending at the point
where the squamous and orbital parts of the frontal bone meet on the inner surface of the anterior boundary of the anterior skull base.
This line was used to measure AB-CA, the distance from the CA to the anterior boundary of the anterior fossa, on the axial CT plane.
Additionally, a perpendicular line was drawn from the most lateral point of the CA to the point on the inner surface of the lateral boundary
of the anterior skull base, this line was used to measure LB-CA, the distance from the CA to the lateral boundary of the anterior fossa,
on the axial CT plane.

Figure 2: Parameters related to the
angulation of the optic canal (OC).
A) the angle of the optic canal in
the sagittal plane (SPA), and B) the
angle of the optic canal in the axial
plane (APA).
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Table II: Comparison of CMT2 and Controls (the Independent
Test)

Parameters CMT2 (n=80) Control (n=80) p-value
HCA (mm) 3.64 + 0.81 4.22 +0.60 <0.001
WCA (mm) 3.08+0.87 4.54+1.04 <0.001
ACA (mm?) 758 +2.84 12.81 +3.80 <0.001
AB-CA (mm) 4499 +7.69 52.73 +6.71 <0.001
LB-CA (mm) 29.17 +5.08 35.86 +4.33 <0.001
MSL-CA (mm) 7.07+244 10.21 x2.21 <0.001
APA (°) 30.64 +6.03 35.96 + 3.23 <0.001
SPA (°) 2431 +5.09 28.64+4.34 <0.001

N: Numbers of sides. CMT2: Chiari malformation type 2, HCA: The
height of the cranial aperture, WCA: The width of the cranial aperture,
ACA: The surface area of the cranial aperture, AB-CA: The distance
from the cranial aperture to the anterior margin of the anterior cranial
base, LB-CA: The distance from the cranial aperture to the lateral
margin of the anterior cranial base, MSL-CA: The distance from the
cranial aperture to the midsagittal line, APA: The angle of the optic
canal in the axial plane, SPA: The angle of the optic canal in the sagittal
plane.
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3.64 + 0.81 mm, WCA 3.08 + 0.87 mm, ACA 7.58 + 2.84 mm?,
AB-CA 44.99 + 7.69 mm, LB-CA 29.17 + 5.03 mm, MSL-CA
7.07 + 2.44 mm, APA 30.64° + 6.03°, and SPA 24.31° + 5.09°.
In the control group, the corresponding values were HCA 4.22
+ 0.60 mm, WCA 4.54 + 1.04 mm, ACA 12.81 + 3.80 mm?,
AB-CA 52.73 + 6.71 mm, LB-CA 35.86 + 4.33 mm, MSL-CA
10.21 £2.21 mm, APA 35.96° + 3.23°, and SPA 28.64° + 4.34°.

All measured parameters (HCA, WCA, ACA, AB-CA, LB-CA,
MSL-CA, APA, and SPA) were significantly smaller in the
CMT2 group compared to the controls (p<0.001) (Table II).

Among CMT2 patients, females had a significantly smaller
LB-CA than males (p=0.034). In the control group, females
had smaller WCA (p=0.038), AB-CA (p<0.001), and LB-CA
(p=0.015) than males. No statistically significant differences
were found between the right and left sides in either group
(p>0.05) (Table IlI).

B DISCUSSION

CMT2 is a congenital anomaly with an estimated incidence of
0.04%, and it shows no gender preference (19,21). It is pri-
marily attributed to a neural tube defect (26), which disrupts
cerebrospinal fluid flow and results in the downward displace-

Table lll: Gender (The Independent Test) and Side (the Paired Test) Comparisons for CMT2 and Controls

Parameters Female (n=32) Male (n=48) p-value Right (n=40) Left (n=40) p-value
HCA (mm) 3.60 £ 0.97 3.67 £ 0.70 0.731 3.72+£0.84 3.56 £ 0.79 0.390
WCA (mm) 3.04 £ 0.78 3.11 £ 0.94 0.740 3.10 £ 0.81 3.05 +0.94 0.805
ACA (mm?) 7.29 £ 2.74 7.77 +2.92 0.465 7.32 £ 2.31 7.83 + 3.30 0.428
AB-CA (mm) 43.98 + 8.81 45.67 + 6.86 0.339 45.06 + 7.57 4493 + 7.91 0.941
coMT2 LB-CA (mm) 27.72 +5.50 30.14 + 4.48 0.034 30.38 £ 5.16 27.97 + 4.65 0.052
MSL-CA (mm) 7.07 £2.22 7.07 £ 2.60 0.999 717 +2.50 6.97 £ 2.41 0.727
APA (°) 30.23 £5.12 30.91 + 6.60 0.627 30.44 + 5.63 30.84 + 6.46 0.770
SPA (°) 24.18 +5.43 24.40 + 4.91 0.851 24.46 +5.20 2417 +5.05 0.799
Parameters Female (n=42) Male (n=38) p-value Right (n=40) Left (n=40) p-value
HCA (mm) 4.20 £ 0.63 4.25 £ 0.58 0.674 4.28 + 0.59 417 £ 0.62 0.398
WCA (mm) 431 +0.84 479 +1.18 0.038 4.47 + 0.94 460+ 1.14 0.578
ACA (mm?) 12.27 + 3.29 13.41 £+ 4.26 0.180 12.66 + 3.40 12.96 + 4.20 0.724
AB-CA (mm) 49.42 +5.10 56.38 + 6.42 <0.001 52.74 + 6.64 52.72 + 6.88 0.988
Control LB-CA (mm) 34.75 + 3.94 37.09 + 4.45 0.015 37.43 + 3.61 34.30 + 4.46 0.061
MSL-CA (mm) 9.83 £ 1.92 10.64 £ 2.45 0.100 10.15 £ 2.32 10.28 £ 2.12 0.786
APA (°) 36.06 + 2.76 35.84 + 3.71 0.756 34.81 + 3.30 3711274 0.082
SPA (°) 29.43 + 4.48 27.77 + 4.05 0.088 28.79 +4.24 28.50 + 4.48 0.761

N: Numbers of sides. CMT2: Chiari malformation type 2, HCA: The height of the cranial aperture, WCA: The width of the cranial aperture, ACA:
The surface area of the cranial aperture, AB-CA: The distance from the cranial aperture to the anterior margin of the anterior cranial base, LB-CA:
The distance from the cranial aperture to the lateral margin of the anterior cranial base, MSL-CA: The distance from the cranial aperture to the
midsagittal line, APA: The angle of the optic canal in the axial plane, SPA: The angle of the optic canal in the sagittal plane.
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ment of brain tissue into the spinal canal (19,21,26). CMT2
is characterized by (a) the presence of a myelomeningocele,
(b) a reduced posterior fossa volume, and (c) downward dis-
placement of the fourth ventricle, brainstem, and cerebellum
(13,25). This condition may lead to symptoms such as facial
muscle weakness, difficulty swallowing, nystagmus, mus-
culoskeletal deformities, and selective sensory loss (19,21).
Although CMT2 is generally regarded as a posterior fossa
malformation, it has been suggested that bony structures in
other cranial fossae may also be affected (34). For example,
compared to healthy individuals, patients with CMT2 have
been found to have a shallower sella, an apparently taller but
non-pathological pituitary gland, a shortened dorsum sellae,
and an elongated tuberculum sellae (34). Patel et al. noted that
such alterations could lead to misinterpretations during imag-
ing, such as mistaking a normally sized gland for an enlarged
one due to the reduced sella depth on MRI (34). Based on
these findings, we suggest that further studies are needed to
evaluate whether CMT2 also alters the morphology of struc-
tures like the CA located in the anterior and middle cranial
fossae.

In patients with Chiari malformations, such as CMT1, optic
nerve compression can be identified by physicians due to
conditions like osteopetrosis, which can lead to narrowing
of the OC and thickening of the optic strut (3,16,27). For
example, Medsinge et al. used a transcaruncular endoscopic
approach to perform OC decompression in a 6-month-old girl
with CMT1 (27). Surgical management of OC compression is
crucial for the surgical team (6,17,24,29,38,41,42). In some
cases, complete removal of the OC walls, including the optic
strut and anterior clinoid process, may be required for 270°
decompression (6), while in others, removing only the proximal
part of the OC may be enough for decompression (17,38,42).
The location, angulation, and size of anatomical structures in
the supra- and parasellar regions can influence the choice of
surgical approach (8-10,17,18). For example, some lesions
can distort the OC’s bone structure, affecting the optic nerve’s
position, and in these cases, surgeons may choose to follow
the normal path of the optic nerve to avoid iatrogenic injury
(18). Detailed knowledge of the CA anatomy is important to
minimize morbidity and mortality (7,15,17,18,23,40). Our
novel morphometric data could help physicians determine
whether the OCs in CMT2 patients differ from those in
healthy individuals and assist in selecting appropriate surgical
techniques for CMT2 cases.

In CMT2, the measurements for HCA, WCA, ACA, AB-CA, LB-
CA, MSL-CA, APA, and SPA were found to be 3.64 + 0.81
mm, 3.08 + 0.87 mm, 7.58 + 2.84 mm?, 44.99 + 7.69 mm,
29.17 £ 5.03 mm, 7.07 + 2.44 mm, 30.64° + 6.03°, and 24.31°
+ 5.09°, respectively. In the control group, the measurements
were 4.22 + 0.60 mm, 4.54 + 1.04 mm, 12.81 + 3.80 mm?,
52.73 + 6.71 mm, 35.86 + 4.33 mm, 10.21 + 2.21 mm, 35.96°
+ 3.23°, and 28.64° + 4.34°, respectively. The results showed
that CMT2 patients had significantly smaller HCA, WCA, ACA,
AB-CA, LB-CA, MSL-CA, APA, and SPA compared to the
controls (p<0.001). These smaller measurements suggest that
patients with CMT2 likely have a smaller skull base compared
to controls. Ozalp et al. reported measurements in CMT1 (30),
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where HCA was 3.69 + 0.69 mm, WCA was 5.15 + 0.96 mm,
AB-CA was 52.82 + 6.14 mm, LB-CA was 37.50 + 4.21 mm,
MSL-CA was 7.64 + 1.64 mm, APA was 34.42° + 5.29°, and
SPA was 15.04° + 3.80° and in controls, HCA was 3.75 +
1.18 mm, WCA was 5.30 + 1.25 mm, AB-CA was 57.41 + 7.40
mm, LB-CA was 39.43 + 4.49 mm, MSL-CA was 7.67 + 1.91
mm, APA was 31.80° + 4.89°, and SPA was 14.97° + 3.28°.
They found that CMT1 patients had smaller AB-CA (p<0.001)
and LB-CA (p=0.003) compared to controls, but a larger APA
(p=0.006) (30). They suggested that AB-CA and LB-CA repre-
sent the length and width of the anterior fossa, respectively,
and concluded that CMT1 patients had a shorter and narrow-
er anterior fossa than normal individuals (30). Based on this
interpretation, we propose that CMT2 patients also have a
shorter and narrower anterior fossa due to their smaller AB-
CA and LB-CA measurements.

The existing literature indicates that the mean values of the
parameters vary widely (1,7,30,40). In normal adults, the mean
values range from 4.59-7.38 mm for WCA, 3.60-5.17 mm
for HCA, 4.45-19.36 mm? for ACA, 29.56°-45.32° for APA,
7.57°-18.20° for SPA, 5.77-7.64 mm for MSL-CA, 41-42.55
mm for LB-CA, and 44.38-64.97 mm for AB-CA (1,30,40). In
normal children aged 1-18 years, the values for HCA, WCA,
ACA, AB-CA, LB-CA, MSL-CA, APA, and SPA were found to
be 4.35 + 0.64 mm, 6.12 + 0.84 mm, 17.53 + 2.80 mm?, 54.04
+5.23 mm, 42.55 + 3.28 mm, 7.17 + 1.48 mm, 39.28° + 5.13°,
and 16.01° = 6.76°, respectively (40). The HCA and AB-CA
values in our controls were similar to those in this pediatric
study. However, compared to the values reported by Ten et al.,
our controls had smaller WCA, ACA, LB-CA, and APA values,
but larger MSL-CA and SPA values (40). Ten et al. also noted
that the size of the CA correlated with age and that the APA
and LB-CA did not change significantly after the ages of 3
and 6, respectively. AB-CA remained consistent from the age
of 14, while HCA, WCA, SPA, and MSL-CA stabilized from
the age of 10 (40). In fetuses aged 16-28 weeks of gestation,
HCA, WCA, and ACA were measured as 1.58 + 0.36 mm,
1.83 + 0.59 mm, and 2.40 + 1.02 mm?, respectively (7), with
these parameters increasing as fetal age progressed (7).
The pediatric values in our controls were significantly higher
than these fetal measurements. Thus, age is a key factor
influencing the differences in mean values observed in earlier
studies (7,14,40). Another factor could be the selection of
different landmarks, particularly for distance measurements
(AB-CA, MSL-CA, LB-CA) (14,40). Methodological differences
may also contribute to variations (11,20). Berlis et al. found
not difference between CT and caliper measurements, while
Kalthur et al. reported that CT values were significantly smaller
than caliper values (11,20). For ACA, differences in calculation
methods may explain discrepancies in mean values (36,39).
The mean value calculated by Radunovic et al. using the
formula (width x height x 1) was 19.36 + 1.87 mm? (36), which
was higher than the mean value obtained using software by
Tao et al. (4.45 + 0.46 mm?) (39).

This study has several limitations. First, the sample sizes for
both CMT2 and control groups were small. Larger studies with
more participants could provide a clearer understanding of CA
anatomy in CMT2 patients. Second, we focused on pediatric



patients with CMT2, as most CMT2 patients admitted to our
hospital were children. Previous studies have indicated that
combining adult and pediatric data may lead to inaccurate
conclusions due to differences in skull base morphology.
Therefore, future research including adult patients may offer
valuable insights into CA morphology in CMT2 cases. Third,
we examined CA morphology only in CMT2 patients and
found significant differences compared to controls. Building
on the work of Ozalp et al., who identified notable differences
in CA anatomy between CMT1 patients and controls, we
believe that further studies involving both CMT1 and CMT2
patients would be beneficial for clinicians to better understand
skull base development in different Chiari malformations (30).

B CONCLUSION

Patients with CMT2 exhibited significantly smaller HCA, WCA,
ACA, AB-CA, LB-CA, MSL-CA, APA, and SPA compared to
controls. Specifically, measurements of depth and angle may
be crucial for surgeons to safely perform procedures such as
OC decompression in CMT2 patients.
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