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displacement of the cerebellar tonsils through the foramen magnum into the spinal canal. Recent

studies suggest that overcrowding in the posterior cranial fossa (PCF) because of underdeveloped

bony structures in the intrauterine life is the main cause of this malformation. For this reason, the

authors want to contribute to the current literature, which focuses on bone abnormalities in the PCF

in patients with CMIs.

Methods: We examined a retrospective cohort of 60 adult patients with CMIs, and multiple

measurements were made on magnetic resonance imaging. The results were compared to 30 healthy

adult control subjects. Mann-Whitney U test was used as a statistical method.

Results: All measurements except mean anteroposterior diameter of the foramen magnum were

reduced in patients compared to control. An increase in the anteroposterior mid-sagittal distance of

the foramen magnum in patients reached statistically significant difference compared to control. All

patients had tonsillar herniation at least 5 mm below the plane of the foramen magnum. Chiari type I

malformation in this study was associated with syringomyelia in 46 patients.

Conclusion: This study with a limited number of patients suggests that the bony components of

the PCF are not developed fully, supporting the current concept that CMI is a disorder of the

para -axial mesoderm.
D 2005 Elsevier Inc. All rights reserved.
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1. Introduction

The Chiari malformations (CMs) are a group of

disorders of unknown etiology that has been traditionally

described as the downward displacement of the posterior

cranial fossa (PCF) contents into the spinal canal. Since the

first description by an Austrian pathologist, Hans Chiari, in

1891 [9], CMs have been divided into 2 distinct groups

according to the degree of herniation: type I represents

herniation of the cerebellar tonsils and type II displays

herniation of the fourth ventricle and the medulla
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oblongata as well as the caudal part of the cerebellar

tonsils. However, from a clinical point of view, CMs have

also been divided into adult and pediatric types [13]. Adult

type is mostly considered as Chiari type I (CMI)

malformations and usually presents after the second or

third decade of life. The signs and/or symptoms are mainly

resulting from the tightness of PCF and associated

syringomyelia [21,25,31].

Current evidence trying to explain the pathogenesis of

CMI can be attributed to magnetic resonance imaging

(MRI) and suggests that overcrowding of the hindbrain by

an underdeveloped PCF is the main cause of the CMI and

explains the formation of syringomyelia. Recent morpho-

metric studies focusing on the bony part of PCF in adult

patients who had CMI have lent support to this hypothesis

[21,25,31,35,37,41].
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In the present study, we measured bony elements that

formed in the PCF of adults with CMI and mean to serve as

a contribution to the current literature. The measurements

taken from the patients were compared to the control group

which included healthy subjects, and we discussed our

findings in the light of pertinent literature.
Fig. 1. Demonstration of the measurements of PCF made on T1-weighted

mid-sagittal MRI of healthy subjects. The length of the clivus (a) was

measured along a line drawn from the top of the dorsum sella (A) to the

basion (B). The anteroposterior diameter of the foramen magnum (b) was

measured from the basion (B) to the opisthion (C). The length of the

supraocciput (c) was measured along a line drawn from the opisthion (C) to

the center of the internal occipital protuberance (D). The anteroposterior

diameter of the PCF (d) was measured along a line parallel to the plane of

the foramen magnum, from the top of the dorsum sella (A) to a point 1 cm

above the internal occipital protuberance (F). The height of PCF (e) was

measured with a line drawn from the inferior aspect of the splenium

(G) perpendicular to the plane of the foramen magnum (H).
2. Patients and methods

2.1. Patients

We retrospectively evaluated 97 adult patients who had

been treated in our neurosurgical department due to CMI

between January 1992 and January 2003. Sixty patients,

whose preoperative radiological studies were available,

served as subjects in this study. All patients included in

this study had undergone surgical treatment for CMI with

or without syringomyelia. Thirty adult individuals who had

undergone MRI for the complaints of headache and

showed no cranial or intracranial pathology were chosen as

the control group.

2.2. Morphological features of PCF

The following measurements were made in midline

sagittal MRI from 60 patients with CMI and 30 control

subjects (Fig. 1): (1) the line from the center of the

internal occipital protuberance to the opisthion measures

the length of the supraocciput (C,D); (2) the anteropos-

terior diameter of the foramen magnum was measured

from the basion to the opisthion (B,C); (3) the length of

the clivus was measured from the top of the dorsum sella

to the basion (A,B); (4) the anteroposterior diameter of

the PCF was measured along a line parallel to the plane

of the foramen magnum, from the top of the dorsum sella

to a point 1 cm above the internal occipital protuberance

(A,F); (5) the line from the superior border of the PCF

(splenium of corpus callosum) perpendicular to the plane

of the foramen magnum was accepted as the height of the

PCF (G,H).

2.3. Cerebellar tonsils

The degree of the cerebellar tonsils was measured in a

manner similar to that used by others [22,32]. Simply, the

line between basion and opisthion was accepted as the plane

of the foramen magnum. Tonsillar herniation was then

evaluated by measuring a line perpendicular from this line

to the most inferior aspect of the tonsils. In this study,

tonsillar herniation was defined as downward herniation of

at least 5 mm below the foramen magnum.

2.4. Statistical analysis

We performed statistical analysis by using SPSS for

Windows (version 11; SPSS, Inc, Chicago, Ill). Mean values

were presented with their standard deviations. The values of

all parameters measured for the patient and the control

groups were assessed using the Mann-Whitney U test. The
result was accepted as statistically significant if the P value

was less than .005.
3. Results

3.1. Clinical presentations

Table 1 displays the variations in the clinical symptoms

in patients with CMI. The patient group consisted of

36 women and 24 men, with a mean age of 35.1 F
12.7 years (range, 25-65 years). The majority of patients

(39 patients) reported histories of lifelong complaints such

as headache radiating to the neck. Patients with syringomy-

elia received diagnoses earlier because of the early presen-

tation of various degrees of paresthesias on the extremities

that forced the patient to search for medical attention.

3.2. Clinical syndrome

The majority of patients with CMI had headache that

radiated to the neck and shoulders. This symptom was

commonly accompanied with disequilibrium. The headache

was accentuated by physical exertion and sudden changes in

posture. One patient showed ocular disturbance as diplopia



Table 2

Summary of the statistical results of measurements made on MRI

Variable Patients (n = 60) Control (n = 30) P

Age (y) 35.1 F 12.7 52.2 F 18.2 b .001

Sex (M/F) 24/36 15/15 .4

Measurements (mm)

Supraocciput 42.1 F 9.3 46.7 F 4.3 .008

Foramen magnuma 31.7 F 6.1 25.2 F 3.8 b .001

Clivus 39.0 F 7.7 48.4 F 4.9 b .001

Posterior fossab 60.4 F 10.6 74.7 F 3.5 b .001

Heightc 124.7 F 15.7 141.2 F 6.8 b .001

Values are means F SDs.

P values are for comparisons between patients and control (Mann-Whitney

U test).
a Anteroposterior diameter of the foramen magnum.
b Anteroposterior diameter of the posterior fossa.
c Height of the posterior fossa.
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and one showed difficulty in swallowing in addition

to quadriparesia.

Forty-six patients (76.6%) with syringomyelia disclosed

disturbances in spinal cord function that led to the

symptoms typical for syringomyelia [6,7,18,21,25,26,31].

The severity of symptoms in this group varied with the

extension of the syrinx cavity. In 14 patients without

syringomyelia, the most common symptoms were muscu-

lar weakness, paresthesia/hyperesthesia, and nonradicular

segmental pain.

3.3. MRI findings

The most common radiological finding was the com-

pression of the cerebrospinal fluid (CSF) spaces due to

herniation of the cerebellar tonsils. All patients in this study

showed various degrees of tonsil herniation, measuring 5 to

38 mm. Other findings included reduced length of the

clivus, reduced length of the supraocciput, reduced height of

the PCF, reduced anteroposterior diameter of the PCF, and

increased anteroposterior diameter of the foramen magnum.

Minor findings included hydrocephalus and basilar invag-

ination. Spinal abnormalities associated with CMI included

syringomyelia (46 patients), cervical kyphosis (1 patient),

Dandy-Walker syndrome (1 patient).

3.4. Statistical results

This study compared the parameters between 60 adult

patients with CMI and 30 healthy subjects. The patient group

consisted of 36 women and 24 men, with a mean age of

35.1F 12.7 years. The control group consisted of 15 women

and 15 men, with a mean age of 52.2 F 18.2 years. There is

statistically significant difference between 2 groups regard-

ing the age (P = .00001). There was no significant

difference when regarding sex (P = .4). Table 2 summarizes

statistical results of the parameters evaluated in this study.

For patients with CMI, the following statistically significant

abnormalities were demonstrated: reduced mean length of

the clivus (P = .00001), reduced mean anteroposterior

diameter of the PCF (P = .00001), reduced mean length of

the PCF (P = .00001), reduced mean height of the
Table 1

Characteristics of the patients and clinical presentations

Variable CMI (n = 60)

Sex (M/F) 24/36

Age (y) 35.1 F 12.7

Clinical presentation

Lifelong complaints 39

Age of onset 22.5 F 10.3

Precipitating factors

None 50

Trauma 5

Coughing or sneezing 3

Pregnancy 2

Values are means F SDs.
supraocciput with no significant difference was found (P =

.008), and increased mean anteroposterior diameter foramen

magnum (P = .00001).
4. Discussion

The overcrowding of PCF was estimated by some bone

measurements on MRI in this study, and we supported the

current notion that hypoplasia of the bony structures

involved in the formation of PCF is the main cause of

CMs in adults with no neural structural anomalies were

noted. We found 2 embryological parts of the occipital bone,

namely, supraocciput and exocciput, that were shorter than

that of control. The height of PCF was also shorter. The

bony structures that underdeveloped in the intrauterine life

lead to downward herniation of the PCF contents as the

caudal hindbrain develops normally. This, in turn, serves to

broaden the anteroposterior diameter of the foramen

magnum. It can be inferred that herniation of the cerebellar

tonsils into the spinal canal through the foramen magnum

obstructs the normal anatomical path by which CSF

circulates. As a result, the formation of syringomyelia is

likely, and in this study, in the majority of the patients, CMIs

were associated with various degrees of syringomyelia.

Studies measuring the flow of CSF at the foramen magnum

have demonstrated that blockage of CSF at this gate

between the intracranial and intraspinal subarachnoid space

is the most important contributing factor for the formation of

syringomyelia [4,11,14,33].

Morphometric studies have shown clearly that signifi-

cantly smaller volume, or underdeveloped bony parts of the

PCF in adult [21,25,31,35,37,41] and in pediatric patients

[40,44], are the main causes for the downward herniation of

the normally developing caudal hindbrain. Furthermore, a

smaller upper part of the PCF has also been demonstrated in

adult patients with CMs [31].

When we looked into the incidence of syrinx and basilar

invagination in patients with adult-type CMIs, we found that

46 had syrinx cavity with a variety of degree and 6 had
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basilar invagination. The width of the syrinx cavity ranged

from 2 to 18 mm. The majority of syrinx cavity was found

in the cervicothoracic region (24 patients) of the spinal cord.

Other MRI findings provided substantial evidence of

PCF overcrowding. The most constant finding was com-

pression of the CSF spaces, posterior and lateral to the

cerebellum (60 patients, 100%). Tonsillar herniation, at least

5 mm below the plane of the foramen magnum, was also

found in all patients. The magnitude of tonsillar ectopia

ranged from 5 to 38 mm (mean, 12.6 mm).

Knowledge regarding the epidemiological features of

CMI is limited; however, it has been defined as a rare

congenital disorder [30]. The literature says female subjects

outnumber male subjects by a wide margin as in this study

[25,31,34]. The most common precipitating factor has been

said to be whiplash injuries and direct blow to the head and

neck [19,25], and we cannot state that trauma is the most

common precipitating factor in this study because the ma-

jority of patients (50 patients) had no precipitating factors.

The bulk of the papers in the literature have

documented the complex symptom patterns for CMI,

headache being the most common as in this report

[7,8,10,15,16,20,21,23,25,27,31,38,39,42]. There is evi-

dence that a large number of the symptoms in patients

with CMI are CSF-related [2,3,17]. Our study, in

consistency with the literature, illustrated that the most

obvious CSF-related symptoms were those attributed to

the presence of syringomyelia [14,24,25,43]. This is

because syringomyelia causes stretching and distension

of the neural tissue of dissection of the central canal

cavities into the parenchyma of the spinal cord. Current

evidence suggests that formation of the syringomyelia is a

direct result of the obstruction of CSF flow at the foramen

magnum, which causes an exacerbation of the pulsatile

systolic pulse wave in the spinal subarachnoid space and

drives CSF through perivascular and interstitial space into

the central canal of the spinal cord [28,29,33,36]. All patients

(46 patients, 76.6%) with syringomyelia in this study had

spinal cord disturbances. Our observation also showed that

patients with tonsillar herniation can be asymptomatic;

therefore, the severity of the symptoms is not directly related

to the degree of tonsillar herniation, and this finding could

not confirm some reports [1,5,38] because tonsillar hernia-

tion of at least 5 mm can be encountered as an incidental

finding in asymptomatic patients with CMI [12,21].
5. Conclusions

Our results led us to conclude that underdevelopment of

occipital somite originating from the paraxial mesoderm

during the intrauterine life is the main cause of CMs.

Downward herniation of normal-sized hindbrain is second-

arily induced by overcrowding in the PCF. Displacement of

CSF probably contributes to symptoms, and formation of

the syringomyelia is directly a result of the obstruction at the

foramen magnum. Nevertheless, our understanding of the
pathophysiology of this disease remains frustratingly

incomplete. Considerable effort should be spent to under-

stand the pathogenesis and progression with a large patient

series in the future.
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Commentary

There is accumulating evidence that CMI is a disorder of

the para-axial mesoderm that results in underdevelopment

of the PCF and overcrowding of the normally developed

hindbrain. In this study, the authors compared linear

measurements of the PCF, as determined by MRI, in

60 adult patients with tonsillar herniation of at least 5 mm

and 30 adult control subjects. Patients with CMI were found

to have the following distinctive findings: reduced mean

length of the clivus (P b .001), reduced mean length of the

supraocciput (P b .008), reduced mean height of the PCF

(P b .001), reduced mean anteroposterior diameter of

the PCF (P b .001), and increased mean anteroposterior

diameter of the foramen magnum (P b .001). The most

constant radiological finding was compression of the

CSF spaces posterior and lateral to the cerebellum

(60/60 patients, 100%).

In general, the findings in the current study are consistent

with previously published data and support the concept that

osseous dysplasia, volumetric reduction of the PCF, and

hindbrain overcrowding are fundamental features of CMI.

This study is a useful contribution to the literature.
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