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Abstract
Purpose: To compare the posterior fossa measurements of Chiari type I malformation (CHM1) patients with and 
without syrinx and with a control group.

Material and methods: The patients with syrinx were divided into 2 groupd according to syrinx width/cord width (S/C) 
ratios: group 1 – S/C ratio < 50%; group 2 – S/C ratio > 50%. The length of the clivus, the AP length of the foramen 
magnum, the AP length of the posterior fossa, the perpendicular distance between the McRae line and (a) the sple-
nium of corpus callosum, (b) the pons, and (c) the fastigium of the 160 patients and of the 160 control patients were 
statistically compared. In addition, the measurements of the patients with and without syrinx, according to the S/C 
ratio, were statistically compared.

Results: Syrinx was present in 59 (36.8 %) of the 160 patients. The S/C ratio was < 50% in 30 (50.9 %) of them, and 
S/C ratio > 50% in 29 (49.1%) of them. All the measurements in the patient group, except of the AP length of the 
foramen magnum, were statistically significantly lower than in the control group (p = 0.001). There was no signif-
icant difference in the measurements of the patients with syrinx group 1 and the patients without syrinx, but the 
AP length of posterior fossa was statistically significantly lower in the patients with syrinx group 2 than the patients 
without syrinx (p = 0.03).

Conclusion: The S/C ratio can be a guide to the underlying aetiology.
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Introduction
The incidence of Chiari type I malformation (CHM1) is 
approximately 0.1%, and in this disease cerebellar tonsils 
descend more than 3-5 mm from the foramen magnum 
(FM) to the cervical canal. This may lead to hypoplasia of 
the posterior cranial fossa [1]. Even if there is herniation 
of the cerebellar tonsils, patients are occasionally asymp-
tomatic. The patients with CHM1 can be symptomatic, 

but the pathognomonic finding of CHM1 is herniation 
of the cerebellar tonsils reaching more than 5 mm below 
the FM [2]. Previous studies have shown that the presence 
cerebellar tonsillar herniation (CTH) is not sufficient to 
identify symptomatic patients or patients who require sur-
gical treatment. Different morphological measurements 
should be made in magnetic resonance imaging (MRI) 
in to achieve this goal [3,4]. This malformation may be 
accompanied by syrinx in 25-80% of the patients [5].  
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The syrinx can damage the spinal cord and can cause irre-
versible neurological deficits, and therefore it is an indica-
tion for surgical therapy [6]. Early diagnosis of the syrinx 
is important for the surgical planning [7]. 

There are various studies regarding specific measure-
ments which are important in the prognosis of the disease 
and determination of the indication of surgery. In the ma-
jority of these studies, the patients with and without syrinx 
were included regardless of the degree of CTH [8,9]. 

Our aim in this study is to compare the posterior fossa 
measurements in MRI of the CHM1 patients with and 
without syrinx within each group and with a (non-CHM) 
control group. In addition to the presence of the syrinx, 
it is our opinion that the anatomical changes that cause 
the development of the syrinx are important to determine 
the prognosis of the disease. Therefore, our secondary aim 
was to determine the factors that take part in the develop-
ment of CHM1.

Material and methods
The study was in accordance with the guidelines of the 
Health Insurance Portability and Accountability Act. 
Informed consent was taken from the parents of the pa-
tients. This study was approved by the Ethics Committee 
on 16/11/2021 with the number 2021/2646.

Patient selection

The present study was a retrospective study, with 160 pa-
tients and 160 control patients. The patients included in 
this study were referred to the radiology department for 
MRI from the neurosurgery department with symptoms 
such as neck pain (n = 50, 31.2%), motor weakness (n = 20, 
12.5%), dizziness (n = 35, 21.8%), and headache (n = 55, 
34.3%). The study period was between 2012 and 2020.  
The study cohort included patients with CHM1 (CTH 
from the FM > 5 mm) diagnosed with MRI. The control 
group consisted of patients with headache, who received 

MRI scans and showed no pathological findings. Fur-
thermore, the demographic characteristics of the control 
group were comparable with the study cohort. Patients 
who had previous surgery for CHM1 or any other cranio-
cervical pathology, patients with additional pathologies 
of the spinal cord, and those who did not have the appro-
priate protocol for MRI were excluded from the study.

The patients were divided into 3 groups according to 
the degree of CTH. In the grade 1 CTH, the tonsils were de-
scended through the FM but did not reach the C1 arch. In 
the grade 2 CTH, the tonsils had reached the C1 arch. In the 
grade 3 CTH, the tonsils had passed below the C1 arch [9] 
(Figures 1-3). The patients were further sub-divided into  
2 groups according to the presence or absence of the syrinx 
in the spinal cord. The maximum anteroposterior measure-
ment of the syrinx was delineated as S and the anteroposte-
rior measurement of the spinal cord at the same level as C. 
The severity of syrinx was graded into 2 groups according 
to S/C ratios: grade 1 syrinx – S/C ratio < 50%; grade 2 
syrinx – S/C ratio > 50% [10] (Figures 4 and 5).

Magnetic resonance image 

All images in this study were obtained using a 1.5-Tesla 
(Siemens, Magnetom-Avanto) (Siemens, Magnetom-
Skyra) MR using a standard head coil. All MR images 
were evaluated manually from mid-sagittal T2-weighted 
images (T2WI) by a radiologist (G.M.D.) with 15 years 
of experience. To determine the midsagittal image, it was 
necessary to identify 3 of the 4 structures: a) the splenium 
of the corpus callosum; b) the pituitary; c) the cerebral 
aqueduct; and d) the genu of the corpus callosum [11].

The measurements were as follows (Figures 6 and 7):
•	 CTH (the perpendicular distance between the McRae line 

and the most inferior margin of the cerebellar tonsils);
•	 the perpendicular distance between the McRae line and 

the pons;
•	 the perpendicular distance between the McRae line and 

the splenium of corpus callosum;

Figure 1. Grade 1 cerebellar tonsillar herniation 
– the tonsils were descended from the foramen 
magnum, but did not reach the C1 arch

Figure 2. Grade 2 cerebellar tonsillar herniation  
– the tonsils have reached the C1 arch

Figure 3. Grade 3 cerebellar tonsillar herniation  
– the tonsils have passed below the C1 arch
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•	 the perpendicular distance between the McRae line and 
the fastigium of the cerebellum;

•	 the length of the clivus (distance from the dorsum sellae 
to the basion);

•	 AP length of the foramen magnum;
•	 AP length of the posterior fossa (distance between the 

dorsum sellae and the protuberentia occipitalis interna);
•	 clivus canal angle (the angle between the Weckenheim 

line and the posterior vertebral body line).
All these measurements were compared between the 

study groups and the control group. In patients with syrinx, 
the measurements of the patients were compared accord-
ing to the S/C ratio. 

Statistical analysis 

The continuous variables used in the study are summarized 
as mean ± standard deviation or median (min. – max.). 

The categorical variables were expressed as the number 
of affected individuals and the percentage of the study 
population. The Kolmogorov-Smirnoff test was used for 
determination of normal distribution of the continuous 
variables. The Mann-Whitney U test was used to compare 
the continuous variables among the groups. Pearson, Yates 
corrected Pearson, and Fisher’s exact c2 tests were used 
to compare the categorical variables among the groups. 
P-value ≤ 0.05 was accepted as statistically significant.  
All statistical analyses were performed using Statistical 
Software Package for the Social Sciences (SPSS) version 26 
(IBM, USA).

Results
There were 160 patients, 102 (63.75%) female and 58 
(36.25%) male. The mean age of the patients was 36.02  
± 11.71 (15-70) years. Syrinx was present in 59 (36.8%) of 

Figure 5. S (the maximum anteroposterior measurement of the syrinx) and 
C (the anteroposterior measurement of the spinal cord at the same level) 
measurements from an axial T2-weighted MRI image. S/C ratio > 50%

Figure 7. Morphometric measurements obtained from a mid-sagittal 
T2-weighted MRI image: 5 – length of the clivus, 6 – AP length of the fora-
men magnum, 7 – AP length of the posterior fossa

Figure 4. S (the maximum anteroposterior measurement of the syrinx) and 
C (the anteroposterior measurement of the spinal cord at the same level) 
measurements from an axial T2-weighted MRI image. S/C ratio is < 50%

Figure 6. Morphometric measurements obtained from a mid-sagittal 
T2-weighted MRI image: 1 – tonsillar position, 2 – perpendicular distance 
between the McRae line and the pons, 3 – perpendicular distance between 
the McRae line and the splenium of corpus callosum, 4 – perpendicular 
distance between the McRae line and the fastigium of the cerebellum
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the patients. The S/C ratio was > 50% in 29 (49.1%) patients 
and < 50% in 30 (50.9%) patents. 52.5% (n = 31) of the 
syrinx were in the cervical, 42.3% (n = 25) in the thoracic, 
and 3.3% (n = 2) in the lumbar spinal cord. The syrinx was 
in the entire spinal cord in one (1.6%) patient.

45 (28.1%) patients had grade 1 CTH, 50 (31.2%) had 
grade 2 CTH, and 65 (40.7%) had grade 3 CTH. Among 
the 59 patients, who had syrinx, 10 (16.9%) had grade 1; 
20 (33.8%) had grade 2, and 29 (49.1%) had grade 3 CTH. 
There was a statistically significant positive correlation be-
tween CTH grade and the presence of the syrinx (p = 0.001). 
There was no statistically significant difference in terms 
of the measurements in the study cohort according to the 
CTH grade (p > 0.05).

The clivus canal angle was pathologic in 60 (37.5%) 
patients, showing platybasia in all of them. On the other 
hand, all the angles were within the normal range in the 
control group.

The MRI measurements of the patients and the control 
group are given in Table 1. All the measurements made in 
the sagittal MRI in the patient group were significantly 
lower than in the control group. All the measurements 
in the patients, except of the AP length of the foramen 

magnum, were significantly lower than the control group 
(p = 0.001) (Table 1).

There was no significant difference in age and gender 
between the patients with and without syrinx (p > 0.05). 
There was a significant difference in the AP length of poste-
rior fossa in the patients with syrinx and without syrinx (p 
= 0.04), but there was no significant difference between the 
2 groups in the other measurements (p > 0.05) (Table 2). 
When the patients without syrinx and the patients with 
grade 1 syrinx (S/C < 50%) were compared, there was no 
significant difference between the 2 groups in terms of the 
measurements (Table 3). When the patients without syr-
inx and the patients with syrinx grade 2 (S/C > 50%) were 
compared, the AP length of the posterior fossa was found 
to be statistically lower in patients with grade 2 syrinx  
(p = 0.03). There was no significant difference between 
in the other measurements between the 2 grades of the 
syrinx (p > 0.05) (Table 3).

Discussion
The present study was the second study with high patient 
volume to include posterior fossa measurements in the 

Table 1. Comparison of measurements between patients and control group 

Factor Control group Patients p-value

Age (years), mean ± SD (range) 36.02 (15-70) 36.02 (15-70)

TH, mean ± SD (range) 0 12.4 ± 3.7 (5.0-25.4)

M1, mean ± SD (range) 38.99 ± 2.67 (31.6-46.2) 32.63 ± 3.97 (20.2-46.0) 0.001

M2, mean ± SD (range) 41.34 ± 8.57 (32.0-48.7) 34.03 ± 5.07 (17.3-46.4) 0.001

M3, mean ± SD (range) 60.93 ± 3.73 (52.6-70.2) 54.4 ± 4.93 (38.0-67.4) 0.001

M4, mean ± SD (range) 27.43 ± 2.98 (20.2-35.4) 23.23 ± 4.36 (12.9-36.5) 0.001

M5, mean ± SD (range) 96.64 ± 7.61 (76.0-107.0) 76.87.4 ± 5.78 (60.0-95.0) 0.001

M6, mean ± SD (range) 36.23 ± 3.26 (30.2-46.5) 35.88 ± 4.58 (23.3-49.8) 0.689
TH – tonsillar herniation, M1 – clivus length, M2 – the perpendicular distance between the McRae line and the pons, M3 – the perpendicular distance between the McRae line and the splenium 
of corpus callosum, M4 – the perpendicular distance between the McRae line and the fastigium of the cerebellum, M5 – AP length of the posterior fossa, M6 – AP length of the foramen magnum, 
SD – standard deviation

Table 2. Comparison of measurements between patients with and without syrinx

Without syrinx With syrinx p-value

Age (years), mean ± SD (range) 36.2 ± 13.0 35.7 ± 13.0 0.88

TH, mean ± SD (range) 11.5 ± 2.6 (5.0-20.2) 13.9 ± 2.1 (5.0-25.4) 0.32

M1, mean ± SD (range) 32.0 ± 3.8 (23.3-45.5) 33.7 ± 4.9 (20.2-46.0) 0.24

M2, mean ± SD (range) 34.1 ± 5.1 (17.3-46.4) 33.9 ± 5.2 (17.5-43.7) 0.81

M3, mean ± SD (range) 54.3 ± 5.3 (40.4-67.4) 54.5 ± 4.6 (38.0-67.0) 0.92

M4, mean ± SD (range) 23.4 ± 4.3 (13.0-36.5) 23.0 ± 3.9 (12.9-30.9) 0.78

M5, mean ± SD (range) 77.5 ± 5.3(66.0-95.0) 75.8 ± 5.7 (60.0-90.0) 0.04

M6, mean ± SD (range) 36.3 ± 3.3 (30.2-46.5) 35.2 ± 4.0 (23.3-49.8) 0.69
TH – tonsillar herniation, M1 – clivus length, M2 – the perpendicular distance between the McRae line and the pons, M3 – the perpendicular distance between the McRae line and the splenium 
of corpus callosum, M4 – the perpendicular distance between the McRae line and the fastigium of the cerebellum, M5 – AP length of the posterior fossa, M6 – AP length of the foramen magnum, 
SD – standard deviation
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CHM1. Our study is unique because we included a con-
trol group performing the same measurements. In ad-
dition, it is one of the few studies in the literature that 
examined CHM1 patients with and without syrinx in the 
separate groups.

The mean age of the patients was 36.02 (15-70) years, 
and 63.75% of the patients were female in this study.  
The age of the patients, who were admitted to our institu-
tion with CHM1, ranged between 25 and 40 years, and it 
was slightly more common in females [10]. 

In this study, 59 (36.8%) of 160 CHM1 patients had syr-
inx, which was consistent with the incidence reported in the 
literature [5]. In addition, 52.5% of the syrinx were in the 
cervical spinal cord, which was also similar to other reports.

CTH of 5 mm or more from the FM to the spinal canal 
is defined as diagnostic criteria of CHM1. The degree of 
CTH is also important in the course of the disease [11]. 
In the study of Alkoç et al., the mean CTH was found 
to be 9.09 ± 3.29 mm, while 66.7% had grade 1, 24.2% 
had grade 2, and 9.1% had grade 3 CTH [11]. In another 
study, grade 1 CTH was observed in 56.7%, grade 2 CTH 
in 32.8%, and grade 3 CTH in 10.5% of the patients [12]. 
In the present study, 59.3% of CTHs were grade 1 and 2, 
while 40.7% were grade 3. The reason for having frequent 
high-grade CTH can be explained by referral of the pa-
tients to our institution after the emergence of symptoms. 
The majority of studies included asymptomatic and inci-
dentally diagnosed CHM1 patients [10,12]. 

In our study, almost half of the patients with syrinx had 
grade 3 CTH, but only 16.9% of the patients had grade 1 
CTH. It was shown that there was a significant correlation 

between CTH grade and the presence of the syrinx. In dif-
ferent studies, it has been shown that there is a significant 
relationship between the degree of CTH and the syrinx 
[13]. In a study evaluating the clivus length in symptom-
atic adult CHM1 patients, the degree of CTH did not have 
a significant effect on the symptoms of the disease, but 
significant correlations between the other morphometric 
values and degree of CTH were found [14]. Similarly, we 
found no significant relationship between the posterior 
fossa measurements and degree of CTH. Similarly, the 
results of a study published by Güvenç et al. showed that 
there was no significant difference between CTH grade 
and the presence of the syrinx and other measurements 
of the posterior cranial fossa [2]. We believe that the mor-
phometric measurements of the cranial base play a role in 
the development of CTH. In our opinion, all clinical and 
neuroradiological findings should be evaluated together 
when determining the treatment plan. 

Although the aetiology of the syrinx is not clear in 
CHM1 patients, the presence of a small posterior cranial 
fossa has been accepted in the aetiology in recent years 
[2]. In a study, the posterior cranial fossa measurements 
were evaluated in 19 patients without syrinx, in 48 pa-
tients with syrinx, and in 40 controls; the morphometric 
measurements were found to be lower in all patients than 
in the control group. However, these measurements were 
not different between the patients with and without syrinx 
[2]. Only the clivus gradient was different between the pa-
tients with and without syrinx [2]. In another study, MRIs 
of 108 CHM1 patients were evaluated, and 39 patients had 
syrinx. The craniocervical osseous anomalies were found 

Table 3. Comparison of measurements between patients without syrinx and patients who had syrinx < 50% of AP length of the spinal cord, and between 
those without syrinx and patients who had syrinx > 50% of the AP length of the spinal cord 

Factor Without syrinx Group 1 syrinx Group 2 syrinx

Age (years), mean ± SD (range) 36.2 (15-70) 37 (15-64)
p = 0.750

34.3 ± 12.0 (15.0-57.0)
p = 0.220

TH, mean ± SD (range) 11.5 ± 2.6 (5-20.2) 13.3 ± 2.1 (5.0-22.4)
p = 0.420

14.5 ± 2.3 (7.4-25.4)
p = 0.06

M1, mean ± SD (range) 32.0 ± 3.8 (23.3-45.5) 33.1 ± 4.9 (20.2-44.2)
p = 0.550

34.3 ± 4.1 (28.0-46.0)
p = 0.428

M2, mean ± SD (range) 34.1 ± 5.1 (17.3-46.4) 33.9 ± 5.4 (22.0-43.7)
p = 0.945

33.8 ± 5.3 (17.5-42.2)
p = 0.87

M3, mean ± SD (range) 54.3 ± 5.3 (40.4-67.4) 52.3 ± 4.9 (45.0-67.0)
p = 0.202

56.8 ± 4.6 (38.0-63.8)
p = 0.475

M4, mean ± SD (range) 23.4 ± 4.3 (13-36.5) 22.9 ± 4.4 (12.9-30.9)
p = 0.88

23.1 ± 3.9 (13.5-30.0)
p = 0.657

M5, mean ± SD (range) 77.5 ± 5.3 (66-95) 76.7 ± 7.0 (62.0-90.0)
p = 0.22

74.8 ± 5.0 (60.0-88.0)
p = 0.03

M6, mean ± SD (range) 36.3 ± 3.3 (30.2-46.5) 35.5 ± 5.0 (23.3-45.5)
p = 0.457

34.8 ± 5.1 (27.8-49.8)
p = 0.112

TH – tonsillar herniation, Group 1 syrinx: S/C ratio was < 50%, M1 – clivus length, M2 – the perpendicular distance between the McRae line and the pons, M3 – the perpendicular distance 
between the McRae line and the splenium of corpus callosum, M4 – the perpendicular distance between the McRae line and the fastigium of the cerebellum, M5 – AP length of the posterior 
fossa, M6 – AP length of the foramen magnum, SD – standard deviation
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to be more common in patients with syrinx than the pa-
tients without syrinx [15]. In our study, all measurements 
related to the posterior cranial fossa were found to be sig-
nificantly lower than in the control group, except the AP 
length of foramen magnum. Although there are very dif-
ferent results in the literature regarding the AP length of 
foramen magnum, there are several studies that did not 
find a difference between the control group and the patient 
group in the AP length of the foramen magnum [11,16]. 

The most prominent result of our study was that the 
AP length of the posterior fossa was found to be signifi-
cantly lower in the patients with syrinx than in the patients 
without syrinx. Our results described this phenomenon for 
the first time in the literature. The AP length was signifi-
cantly lower in the patients with syrinx size > 50% of spinal 
cord; however, it showed no significant change in patients 
with syrinx size < 50% of spinal cord. We think that our 
results are reliable due to the high number of patients and 
the fact that all the patients were symptomatic. Although 
there are studies evaluating the AP length of the posterior 
fossa which showed no difference in CHM1 patients and 
healthy individuals [3], some studies showed the opposite 
[2,14,16-18]. However, syrinx is associated with narrow fo-
ramen magnum and is associated with lower diameter of 
posterior fossa morphometric measurements, which shows 
a mechanical event in the development of this pathology. 
On the other hand, 20-35% of patients with CHM1 do not 
have a syrinx even though the posterior cranial fossa is 

small [12]. Therefore, there is a need for further studies to 
evaluate other causes for development of syrinx. Through 
our study and other studies, strategies can be developed in 
the management of the patients.

Our study has certain limitations. It was a retrospec-
tive study, and therefore MRIs of the previous course of 
the patients with syrinx could not be evaluated. In this 
regard, we think that prospective studies that will analyse 
the time taken for syrinx formation and the changes in 
morphometric measurements in MRI in this process may 
be very useful in illuminating the aetiology of the syrinx.

Conclusions
Although all the posterior cranial fossa lengths are lower 
in patients with syrinx, the AP length of the posterior 
fossa was found to be the only measurement that was 
significantly different in the CHM1 patients with syrinx. 
The posterior cranial fossa measurements were especially 
found to be significantly lower in the patients with syrinx 
that was > 50% of the spinal cord. Therefore, the S/C ra-
tio can give a guide to the underlying aetiology. Further 
studies are needed to evaluate the size of the syrinx and 
to compare patients with CHM1 with and without syrinx.
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