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Abstract
Purpose  Chiari malformation type 1 (CM-1) is a posterior fossa anomaly characterized by herniation of the cerebellar tonsils 
from the foramen magnum (FM). This study compares FM, medulla spinalis (MS), and herniated cerebellar tonsils ratios by 
making area measurements from axial plane MRI in CM-1 patients and the control group.
Methods  Our study evaluated 30 pediatric patients with CM-1 and 30 people in the control group. The lengths of the McRae 
line, twining line, and clivus line were measured on the posterior cranial fossa evaluation. The areas of FM (AFM), MS (AMS), 
and herniated cerebellar tonsils (ATONSILS) were measured by axial images.
Results  As a result of area measurements obtained from axial cross-sectional MRI, a statistically significant difference was 
found between CM-1 patients and the control group. According to the results of the ROC analysis, if an individual’s AMS/
AFM value is above 17.9% or the ATONSILS/AFM value is above 18.4%, it can be interpreted as a CM-1 patient.
Conclusion  It will be easier to diagnose the patient with the new approach we obtained from axial MR images in addition 
to sagittal MR images. This method can be a guide in some cases when the surgeons are undecided.
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Introduction

Chiari malformation type 1 (CM-1) is an idiopathic disease 
described as a herniation of the cerebellar tonsils 5 mm or 
greater below the foramen magnum (FM) [1, 2]. Although 
many theories have been put forward to explain the etiology 
of CM-1, the cause is still unknown [2]. CM-1 has been 
estimated to occur in 1 in 1000 births. Cerebellar tonsils 
herniate into the upper cervical spinal canal. In 60% of the 
cases, the tonsils are at the level of the C1 vertebra, rarely 
below C2 [3]. Patients have no clinical findings in cases 
where herniation of the tonsils from FM is less than 3 mm, 
but clinical findings occur when this value exceeds 5 mm in 
CM-1. The most common symptoms (63%) are upper cervi-
cal and suboccipital headaches and neck pain [4, 5].

In clinical studies, CM-1 is associated with occipital bone 
dysplasia, and patients have craniovertebral junction anoma-
lies with decreased volume of the posterior cranial fossa 
(PCF). It was reported that various volume measurements, 
length, diameter, area and angle measurements in the sagit-
tal direction are performed in patients with CM-1 [6–14].
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The measurement of FM diameters or areas can be needed 
to determine some clinical conditions and the diagnosis of 
various diseases that develop in this area [15]. Depending 
on the types of Chiari malformation (CM), FM dimensions 
increased in size as observed in patients with CM, and some 
others do not [16, 17]. Especially, different theories arise in 
CM-1 regarding the different dimensions of the FM [18–21]. 
Sagittal MRI is used to perform the necessary evaluations 
for a CM-1 diagnosis. In this study, it was aimed to develop 
a new supportive approach diagnostic method in radiology 
by comparing FM, medulla spinalis (MS) and herniated cer-
ebellar tonsils, ratios by making area measurements from 
axial cross-sectional MRI in CM-1 patients and a control 
group. Furthermore, elaborating on axial MRI scan meas-
urements for CM-1 patients can contribute to an important 
degree to a greater understanding of this condition given 
the pathological neurological crowding is often very well 
identifiable on axial MRI scans.

Methods

Participants

In this study, the measurements obtained from MR images 
of 30 randomly selected patients who applied to the Erciyes 
University Faculty of Medicine Department of Neurosurgery 
with headache complaints. Although the herniation amount 
was 5 mm or more in 27 of these 30 patients, this herniation 
was less than 5 mm in 3 of them. Twenty-seven patients were 
diagnosed with CM-1 by conventional methods (by sagittal 
plane MRI) but 3 patients were with symptoms suggestive 
for CM-1 (sleep apnea, headache exacerbated by the Vals-
alva maneuver) with MRI not conclusive for CM-1. How-
ever, considering the clinical complaints, these 3 patients 
were diagnosed with CM-1 and operated after the evaluation 
and measurements. All 30 patients were symptomatic and all 
of these 30 patients were operated. Thirty healthy individu-
als were included in the study as the control group. The age 
range of both groups was 10–18.

MRI protocol

Cranial MRs were performed using a 1.5 Tesla Siemens Aera 
scanner (Siemens, Germany). T1-weighted 3D magnetization-
prepared rapid gradient sequence MPRAGE was used to obtain 
from the sagittal plane, slice thickness = 1.0 mm. The axial 
images were created by multiplanar reconstruction from sag-
ittal plane T1-weighted 3D volume rendering images. From 
the midsagittal cross-sectional view at the level of the McRae 
line, joining the inner faces of the basion and opisthion poles 
of FM, herniated cerebellar tonsils length were measured in 
millimeters as shown in Fig. 1.

Area measurements

Areas of FM (AFM), MS (AMS), and herniated cerebellar tonsils 
(ATONSILS) were measured from the same level axial cross-
sectional images shown in Fig. 2. Although FM area measure-
ments are calculated using the Radinsky formula (A = 1/4 × FM 
length × FM width) [21], independently using computer imag-
ing software [10, 15] and using the formula πr2 [22] both in 
CM-1 patients in the literature, FM area was automatically 
measured on axial images created by multiplanar reconstruc-
tion from sagittal plane images in our study.

We created the relationship between MS and FM, TON-
SILS and FM by calculating the percentages of AMS/AFM 
and ATONSILS/AFM respectively.

Linear measurements of the PCF

The lengths of McRae line, twining line and clivus length 
were measured from midsagittal plane in MRI (shown 
in Fig. 3). McRae line joins the inner faces of the basion 
and opisthion pole of FM. The twining line connects the 
tuberculum sella to internal occipital protuberence. Clivus 
length, between the apex of the dorsum sellae and basion, 
shows the height of the PCF. We used axial cross-sectional 
view through the McRae line to evaluate the AFM, AMS, and 
ATONSILS in our study. All of linear measurements were 
taken the head in Frankfurt horizontal plane.

Fig. 1   Mid-sagittal section MR image. a, McRae line. *Herniated cerebel-
lar tonsils
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Statistical analysis

Histogram and q-q plots were examined; the Shapiro–Wilk 
test was applied to test the data’s normality. The Levene 
test was used to assess variance homogeneity. Pearson 
χ2 analysis was used to compare the differences between 
groups for categorical variables, or the Mann–Whitney 
U, and Student t-tests were used for continuous variables. 
ROC analysis was applied to identify the predictive abil-
ity of AMS/AFM and ATONSILS/AFM on the CM-1 diagnosis. 
The area under ROC (receiver operating characteristic) 
curves was calculated with 95% confidence intervals and 
compared with each other using DeLong’s test. For each 
marker, cut-off values were determined using the Youden 
index. Using these cut-off values for each marker, sensi-
tivity, specificity, positive and negative predictive values 
were calculated with 95% confidence intervals. The sample 
size of the study was calculated using the G* Power 3. 1. 
9. 6 (Frans Foul, Universitat Kiel, Germany) program and 

the effect size as 0.8, alpha of 0.05. The analysis was con-
ducted using SPSS 22.0 version software. A p-value of less 
than 5% was considered statistically significant.

Results

There were 15 males and 15 females in the CM-1 and con-
trol groups, with a mean age of 11.9 and 12.9 respectively. 
There was no statistically difference between the two groups 
regarding age (p > 0.05). At the end of the 6-month follow-
up, it was determined that pre-op clinical findings had van-
ished in 30 of the 30 operated patients.

Area and length measurements

The FM shapes of all participants were oval. AFM, AMS, left 
cerebellar tonsil area, right cerebellar tonsil area, ATONSILS, 

Fig. 2   Axial cross-sectional 
view through the McRae line. 
a, foramen magnum area; b, 
medulla spinalis area; c, right 
cerebellar tonsil area; d, left 
cerebellar tonsil area
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ATONSILS/AFM(%), AMS/AFM (%), herniated cerebellar ton-
sils length and twining line length variables are statistically 
significant between the CM-1 and control groups (p < 0.05). 
In the CM-1 group, the mean values of herniated cerebellar 
tonsils length, AMS/AFM (%), AFM and AMS were signifi-
cantly higher than those of the control group. In the CM-1 
group, the median values of left and right cerebellar tonsil 
areas, ATONSILS, and ATONSILS/AFM (%) were significantly 
higher than the control group. The mean value of the twining 
line in the control group was significantly higher than the 

CM-1 group. The McRae line and clivus lengths variables 
were not statistically significant between the CM-1 and con-
trol groups (p > 0.05) shown in Table 1.

In the CM-1 group, there was a positive correlation and sta-
tistical significance between ATONSILS/AFM (%) and herniated 
cerebellar tonsils length variables (r = 0.657, p < 0.01). In the 
control group, a statistically significant negative correlation 
and moderate agreement were found between the AMS/AFM 
(%) and McRae line length variables (r =  − 0.564, p < 0.01).

A ROC analysis was performed to determine whether 
there is a diagnostic cut-off value for detecting CM-1 disease. 
As a result of ROC analysis, it was determined that AMS/AFM 
(%) and ATONSILS/AFM (%) values have a diagnostic value 
in the diagnosis of CM-1 (Table 2, shown in Fig. 4). It was 
detected that the area under the curve for AMS/AFM (%) on 
the ROC curve is statistically significant (AUC: 0.72, CI. %: 
0.56–0.86, p < 0.001). It was detected that the area under the 
curve for ATONSILS/AFM (%) on the ROC curve was also sta-
tistically significant (AUC: 1.0, CI. %: 0.89–1.0, p < 0.001).

According to the Youden index, the optimal cut-off value 
for AMS/AFM was 17.87% and for ATONSILS/AFM was 18.44%. 
Namely, if an individual’s AMS/AFM is above 17.87% or 
ATONSILS/AFM is above 18.44%, this individual can be inter-
preted as a CM-1 patient. The sensitivity and specificity 
values calculated for the 17.87% and 18.44% cut-off points 
show that both AMS/AFM and ATONSILS/AFM have a diagnostic 
value on CM-1 (Table 2).

Although symptomatic and operated three patients not diag-
nosed CM-1 with length measurements (3.3, 3.5, and 4.5 mm) 
from sagittal MRI, can be diagnosed with CM-1 via the cut-off 
value of AMS/AFM we have created from axial MRI in our study 
(AMS/AFM percentages of 20.3, 25.1, and 31.6, respectively). 
Also, via the cut-off value of ATONSILS/AFM we have created, 
these three patients can be diagnosed with CM-1 (ATONSILS/
AFM percentages of 28.7, 37.6, and 39.9, respectively).

Fig. 3   Mid-sagittal section view. a, McRae line; b, clivus length; c, 
twining line

Table 1   Results of area and 
length values in patient and 
control groups

FM foramen magnum, MS medulla spinalis
Data are expressed as mean ± standard deviation and median (1st quarter–3rd quarter). *p < 0.05

Variables Groups p

CM-1 group (n = 30) Control group (n = 30)

FM area (mm2) 731.4 ± 118.1 603.9 ± 92.5  < 0.001*
MS area (mm2) 151.5 ± 39.1 103.5 ± 17.9  < 0.001*
AMS/AFM (%) 20.8 ± 4.2 17.4 ± 3.5 0.002*
Left cerebellar tonsil area (mm2) 175.0 (122.0–217.0) 0.0 (0.0–0.0)  < 0.001*
Right cerebellar tonsil area (mm2) 220.5 (186.2–238.5) 0.0 (0.0–3.7)  < 0.001*
Total cerebellar tonsil area (mm2) 397.5 (311.2–448.7) 0.0 (0.0–1.5)  < 0.001*
ATONSILS/AFM (%) 54.74 (43.9–59.0) 0.0 (0.0–1.5)  < 0.001*
Herniated cerebellar tonsils length (mm) 7.7 ± 1.1 0.1 ± 0.2  < 0.001*
McRae line (mm) 36.7 ± 3.1 36.7 ± 3.5 0.947
Twining line (mm) 92.7 ± 5.6 96.8 ± 4.2 0.002*
Clivus length (mm) 39.1 ± 5.3 41.3 ± 5.6 0.121
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In our study, whereas 90% of the patients who showed 
symptoms according to the classical method (sagittal MRI) 
were CM-1 patients, this rate was 100% with our new method 
(axial MRI). In this context, the reliability of our study is 
higher than the reliability of the classical diagnosis method.

Discussion

The dimensions of the FM are clinically important such as the 
posterior cranial fossa dimensions because the vital structures 
that pass through it can be subjected to compression.

Many reports for CM-1 mentioned that the mean age of 
the patients admitted to the clinics was between 5 and 71 [6, 

9, 11, 23]. Our study was performed in the pediatric group, 
the mean age of the control group was 12.9, and the mean 
age of the patients with CM-1 was 11.9. No studies in the lit-
erature found cerebellar tonsil areas on axial cross-sectional 
images in pediatric CM-1 patients. In studies on the length 
of herniated cerebellar tonsils into the spinal canal in CM-1 
cases, sagittal plane MRI of patients in the Chiari group 
reported that the length of tonsillar herniation was 5 mm 
and more [1, 6, 9, 24]. In the study conducted by Elster 
et al. [1] on the MRI of 68 patients, they found that 30% 
of patients with herniated cerebellar tonsils less than 5 mm 
were asymptomatic. In our study, all patients were sympto-
matic. Except for the results of three patients with sympto-
matic findings, the length measurements (mean 7.7 mm) of 

Table 2   ROC analysis results 
and diagnostic statistics of AMS/
AFM and ATONSILS/AFM markers

AUC​ area under curve, ROC receiver operating characteristic
The statistics are given with 95% confidence interval

Variables AUC​ CI. 95% Sensitivity (%) (CI. 
95%:L-U)

Selectivity (%) 
(CI. 95%:L-U)

p

AMS/AFM > 17.87% 0.72 0.56–0.86 73.3 60.0  < 0.001
ATONSILS/AFM > 18.44% 1.0 0.89–1.0 100 100.0  < 0.001

Fig. 4   ROC curve
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the herniated cerebellar tonsils of the patients were like the 
sagittal measurements in the literature.

Although there have been studies in the literature on the 
effect of tonsillar herniation on the cerebrospinal fluid flow 
rate in CM-1 patients [25–27], there have been no studies on 
the effect of tonsillar herniation on the medulla spinalis area 
(AMS). The results of AMS measurements were 103.5 ± 17.9 
mm2 in the control group and 151.5 ± 39.1 mm2 in the CM-1 
group in our study. AFM, AMS, and AMS/AFM variables were 
statistically significant between the CM-1 and control groups 
(p < 0.05). The reason why we found more AMS in the CM-1 
group compared to the control group may be due to the large 
size of the AFM in the CM-1 group. No studies have been 
found in the literature to compare our results with theirs.

In 1982, Teixeria conducted an initial study of sex estima-
tion based on FM size and created a formula for area calcula-
tion of FM 40 skeletons [28]. After this study, new studies 
were conducted by increasing the number of cases and extend-
ing the measured criteria [13, 29–31].

The FM area and dimensions have differed in the Chiari 
subtypes [16–22]. Kruyff et al. [16] and Basaran et al. [21] 
found the FM area increased in CM-2 patients compared 
with the control group, while Tubbs et al. [17] describe the 
FM as decreased in size in CM-0 patients. Some studies have 
been conducted on FM area, diameter, and volume measure-
ments in CM-1 patients [10, 15, 18, 19, 22]. According to 
the study of Milhorat et al. [10] and Basaran et al. [21] on 
adult patients with CM-1, the FM area was smaller than the 
control group. Ulutabanca et al. [19] have stated that size of 
FM in CM-1 patient to be significantly higher aspect ratio 
compared to a normal. According to literature information, 
the width, length, and area of FM vary in CM-1 [10, 19]. 
Similar to Ulutabanca et al. [19], the FM area was higher 
in the CM-1 group than control group in our study (CM-1 
group: 731.4 ± 118.1 mm2, control group: 603.9 ± 92.5 
mm2). As a result of this, the large area of FM may lead to 
the formation of CM-1.

Although in some studies the McRae line was found to be 
higher in patients with CM-1 compared to the control group 
[6, 14, 25, 32, 33], some studies [9, 10, 20] found no differ-
ence between the McRae line lengths in CM-1 patients and 
the control group. The findings of the McRae line in both 
studies are consistent with our data. In the present study, 
the McRae line gives information about the length of FM, 
which was found to be 36.7 ± 3.5 mm in the control group 
and 36.7 ± 3.1 mm in the CM-1 group.

We found the clivus length to be 41.3 ± 5.6 mm and 
39.1 ± 5.3 mm, respectively, in the control and CM-1 groups. 
There was a difference between the two groups, but this dif-
ference was not statistically significant (p > 0.05). In studies 
in the literature, the results of the CM-1 group were found 
to be smaller than the control group [6, 8, 9, 14, 20, 32, 33]. 
Our results are compatible with the studies in the literature.

The twining line was lower in the CM-1 group compared to 
the control group in our study. This decrease in the CM-1 group 
was statistically significant (p = 0.002). Our results were con-
sistent with other studies [10, 32, 33], except by Alkoç et al. [6].

We found that clivus and twining line lengths were shorter 
in CM-1 patients compared to the control group. We think 
that the shortness of these linear measurements of the PCF 
in patients will cause the formation of this malformation.

Conclusion

Although CM-1 was not diagnosed in patients with tonsil-
lar herniation less than 5 mm in sagittal MR images, these 
patients may also have symptoms. Considering such patients, 
it will be easier to diagnose the patient with the cut-off val-
ues and new approach we obtained from axial MR images in 
addition to sagittal MR images. This method can be a guide 
in some cases when the surgeons are undecided. Evaluating 
the accuracy and reliability of the method may need a bigger 
number of patients and case controls to assess its reliability.
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