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Abstract
Purpose Multiple imaging parameters have been examined to estimate the presence of syrinx and the need for surgery in 
Chiari I patients (CM1); however, no consistent or definitive criteria have been proposed. The objective of this study was to 
review existing and identify novel radiological and clinical characteristics of CM1 patients that associate syrinx develop-
ment and surgical intervention.
Methods Patients with Chiari I malformation diagnosed on imaging between 0 and 18 years were retrospectively reviewed 
from January 1, 2007 to February 12, 2020. Participants were included if they had a baseline MRI of the head and spine 
prior to surgical intervention if required. Forty age-matched controls with cranial imaging were identified for comparison. 
Imaging parameters and clinical symptoms were recorded.
Results A total of 122 CM1 patients were included in this study. Of the 122 patients, 28 (23%) had syrinx, and 27 (22%) had 
surgery. The following imaging parameters associated with syrinx and surgical intervention were identified: midbrain length 
(P < 0.001; P = 0.032), the obex position (P = 0.002; P < 0.001) and medullary kinking (P = 0.041; P < 0.001). Among the 
clinical features, the presence of overall pain (P = 0.017; P = 0.042), neck pain (P = 0.005; P = 0.027), and sensory dysfunc-
tion (P < 0.001) were found to be strongly associated with syrinx and surgery.
Conclusion While further investigation is needed, these specific radiological and clinical parameters should be considered 
when evaluating CM1 patients and may be used to guide further management.
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Introduction

CM1 is a radiologic diagnosis that has traditionally been 
defined as tonsillar descent of 5 mm or more below the fora-
men magnum (FM) [1, 2]. This finding is often detected 

incidentally on neuroimaging studies, with literature show-
ing an incidence of 3.6% in children [3, 4]. CM1 can cause 
debilitating symptoms, including posterior headache and/
or neck pain, ataxia, dysphagia, scoliosis, or sensory and 
motor deficits [5, 6]. Although clinical pathophysiology is 
poorly understood, symptoms are thought to be related to 
obstruction of CSF flow across the craniocervical junction 
with or without spinal cord syrinx formation [7, 8]. The 
estimated prevalence of syringomyelia is 40% in pediatric 
CM1 patients [3]. The pathogenesis of syringomyelia in 
CM1 remains largely unknown and multiple theories have 
been proposed [9].

In many centers, posterior fossa decompression (PFD) is 
indicated in CM1 patients presenting with syringomyelia to 
prevent progression and potential development of neurologic 
deficit. Once neurologic deficit develops, even with surgi-
cal intervention, it may only stabilize and not necessarily 
resolve. Therefore, early recognition is required to minimize 
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the possibility of developing deficits [10]. While authors of 
previous studies have proposed multiple imaging and clinical 
parameters that are indicative of syrinx development and the 
need for surgery in CM1 patients, no definitive guidelines or 
criteria have been consistently utilized [11–15]. The aim of 
this study was to identify radiological and clinical param-
eters in pediatric CM1 patients that may be used to indicate 
the development of syrinx and/or surgical intervention.

Materials and methods

Patient population

This is a retrospective study of patients between 0 and 
18 years old with a diagnosis of CM1. Participants were 
included only if they had a baseline MRI of the head and 
spine between January 1, 2007, and February 12, 2020, 
prior to surgical intervention (if required). Patients with 
syndromic features noted on imaging or clinical history 
were excluded (Fig. 1). Age-matched normal controls with-
out tonsillar ectopia were identified among children who 

underwent MRI of the brain during the same period. MRI 
of the spine was not available for most control patients. Dur-
ing the study period, patients underwent surgical interven-
tion only if they experienced clinical symptoms that were 
thought to be related to their Chiari I malformation and did 
not undergo surgery for radiographic findings alone if they 
were clinically asymptomatic.

Cases were identified through a search in the Epic elec-
tronic health record system. The diagnosis of Chiari I mal-
formation was confirmed by chart review of clinical and 
imaging data. The study was approved by the Research 
Ethics Board at the Children’s Hospital of Eastern Ontario 
(CHEO).

Imaging data

Patients underwent MRI of the head and spine using a 1.5 Tesla 
magnet (Signa HDxt/GE Healthcare) or a 3 Tesla magnet (Mag-
netom Skyra/Siemens Healthineers). The following sequences 
were used for evaluating the radiological criteria in the brain: 
sagittal T2 thin weighted sequence, coronal 3D T1 weighted 
sequence with sagittal and axial reformats, and dynamic CSF 

Fig. 1  Exclusion criteria for 
Chiari I patients flow chart
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flow sequence when available. The following sequences were 
used for evaluating the radiological criteria in the spine: sagit-
tal T2 weighted sequence of the full spine, axial T2 weighted 
sequence of the full spine, and axial T1 weighted sequence of the 
lower spine. The presence of scoliosis was assessed on the sagit-
tal T2 sequence of the full spine and posteroanterior (PA) radio-
graph of the spine whenever available. The images were reviewed 
in consensus by three investigators (MD, NG, and NW). Imaging 
measurements collected are shown in Figs. 2 and 3.

Clinical evaluation

The patient’s clinical charts were reviewed for the presence 
or absence of specific symptoms, including headaches, facial 
movement dysfunction, brainstem dysfunction, apnea, ocu-
lar dysfunction, sensation dysfunction, auditory dysfunc-
tion, tongue movement, dysphagia, swallowing abnormal-
ity, corporal motor and sensory dysfunction, and bladder/
bowel dysfunction. Clinical data were reviewed by two 
investigators (CO and AT). When clinical information was 
not included in the chart, it was indicated as not available.

Statistical analysis

All radiological features are expressed as means with stand-
ard deviations for continuous variables and as frequencies 
with percentages for discrete variables. Radiological fea-
tures between the groups were compared using the Wilcoxon 
rank sum for continuous variables and Fisher’s exact test for 
discrete variables. Two-sided P-values less than 0.05 were 
considered statistically significant. Statistical analysis was 
carried out using R version 4.0.2 [16]. Holm’s adjustment 
for multiple testing was performed [17].

Results

A total cohort of 122 CM1 patients was included in this 
study (Table  1). The average duration of follow-up for 
Chiari I patients from the first to the last clinical visit was 
48 months (± 41.1 SD), and the average time between the 
first and last MRI was 47 months (± 36.9 SD). A total of 
54.9% of the CM1 patients were male. Of the 122 patients, 

Fig. 2  Radiological measurements acquired. A, B, and C Sagittal 3D 
T1 MR sequence of the brain. Length of the clivus (A), length of the 
foramen magnum (B), length of the supraocciput (C), position of the 
obex (D), length of the herniated tonsils (E), length of the vermis (F), 

length of the midbrain (G), retroflexion angle (H), retroversion angle 
(I), whole tonsillar length (J), occipital protuberance angle (K), cer-
ebellar tentorium angle (L), base of the skull angle (M), and pB-C2 
line (N)

Fig. 3  Radiological measure-
ments acquired. A Axial T2 MR 
sequence of the spine. Trans-
verse diameter of the syrinx 
(O). Anteroposterior diameter 
of the syrinx (P). B Sagittal T2 
MR sequence of the spine was 
used to assess the extent of the 
syrinx (arrowheads)
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28 (23%) were found to have a syrinx and 27 (22%) 
underwent surgery. A total of 10 patients (37%) had only 
craniocervical decompression and 17 patients (63%) had 
craniocervical decompression with duroplasty. A total of 
5 patients (4%) in our cohort needed more than one sur-
gical intervention due to new symptomatology, for exam-
ple, occipital headaches or increased intracranial pressure. 
A total of 40 control patients were included, in whom the 
main indication for brain MRI was headaches (85%). Most 
of these headaches were diffuse (37.5%) or frontal (20%) 
in location. Cervical (10%) and occipital headaches (10%) 
were less common. Other diagnoses included prematurity, 
hallucinations, and atypical syncope. MRI of the brain in all 
control patients was normal.

Radiological variables associated with syrinx

The statistically significant radiological variables associated 
with the presence of syrinx are shown in Table 2. When com-
paring patients with CM1 presenting with syrinx to those 
without, the midbrain length was found to be increased (mean 
13.9 mm, SD 1.4 vs mean 12.8 mm, SD 1.6; P < 0.001) as well 
as having a longer supraocciput length (40.36 mm, SD 5.3 
vs 37.99 mm, SD 5.2; P = 0.026), greater retroversion of the 
dens (69.2° vs 75.2°; P = 0.006) and an obex position below 
the foramen magnum (57.1% vs 24.5%; P < 0.001) (Fig. 4). 
The presence of scoliosis (P < 0.001), medullary kinking 
(P = 0.041), and prominence of the central canal (P = 0.032) 
were significantly more common in CM1 patients with syrin-
gomyelia compared to CM1 patients without syringomyelia. 
Of the CM1 patients identified with the prominence of the 
central canal (n = 30) at baseline, 11 had already developed 
syrinx (36.6%), 3 remained stable and did not develop syrinx 
(10%), 8 had no follow-up (26.6%), 3 had resolved (10%), and 
5 patients (16.6%) developed syrinx at follow up.

In contrast, whole tonsillar length, length of the herniated 
tonsils, clivus length, length of the foramen magnum, the 
low-lying position of the conus, and the presence of fatty 
filum were found to be statistically different in CM1 patients 
in comparison to controls but were not associated with a 
syrinx in patients with CM1 (Table 2).

There was no statistically significant association observed 
in the remaining radiological parameters with CM1 or syr-
inx formation, including skull base angle, pB-C2 length, 
basilar invagination, atlantooccipital fusion, retroflexion of 
the dens, vermis length, and occipital protuberance angle.

Radiological variables associated with surgery

When comparing patients with CM1 who did and did not 
undergo surgery (Table 3), the presence of syrinx was identi-
fied as an indication for surgery (P < 0.001); however, differ-
ences in syrinx dimension were not statistically significant 
(P = 0.310). The mean whole tonsillar length (37.30 mm 
vs 32.92 mm; P = 0.005) and the length of the herniated 
tonsils (14.67 mm vs 10.40 mm; P < 0.001) were found to 
be increased in CM1 patients that underwent surgery when 
compared to conservatively managed patients. The pres-
ence of medullary kinking (51.9% vs 9.5%; P < 0.001) and 
obex position below the foramen magnum (70.4% vs 21.1%; 
P < 0.001) were also found to be strongly associated with 
surgery. The midbrain length was found to be increased in 
CM1 patients with surgery (P = 0.025), with a mean value 
of 13.57 mm (± 1.75 SD) in the surgery group, compared to 
12.90 mm (± 1.50 SD) in the no surgery group. Also, when 
evaluated together, obex position, midbrain length, and med-
ullary kinking were more strongly associated with surgery 
(P = 0.006) compared to midbrain length alone.

A greater clivus length (P < 0.001), shorter FM length 
(P = 0.029), shorter supraocciput length (P < 0.001), promi-
nent central canal (P < 0.001), scoliosis (P < 0.001), low-
lying conus (P < 0.001), and fatty filum (P < 0.001) were 
found to be more common in CM1 than control patients. 
However, these variables were not indicative of surgical 
intervention in CM1 patients.

Clinical features associated with syrinx

The statistically significant clinical criteria in CM1 
patients with syrinx compared to CM1 patients without 
syrinx and controls are shown in Table  4. Among the 
evaluated clinical characteristics, patients with CM1 

Table 1  Demographic characteristics among patients with CM1

* P-value comparing Chiari I patients with and without syrinx versus control patients; +P-value comparing Chiari I patients with and without 
surgery versus control patients

Variable Controls CM1
No syrinx

CM1
Syrinx

P-value* CM1
No Surgery

CM1
Surgery

P-value+ 

Number of patients 40 94 28 95 27
Mean age in years (SD) 11.10 (4.82) 8.24 (5.17) 9.90 (5.07) 0.125 8.35 (5.00) 9.61 (5.73) 0.251
Sex, frequency (%) 0.870 0.423
Female 12 (42.5) 42 (44.7) 13 (46.4) 41 (43.2) 14 (51.9)
Male 23 (57.5) 52 (55.3) 15 (53.6) 54 (56.8) 13 (48.1)
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and syrinx were distinguished by the presence of overall 
body pain (P = 0.010), neck pain (P = 0.005), and sensory 
dysfunction (P < 0.001) when compared to CM1 patients 
without a syrinx. Headaches that were diffuse (P < 0.001) 
in location were more frequently seen in controls and CM1 
patients without syrinx in comparison to CM1 patients 
with syrinx. Headaches requiring medication to alleviate 
them were more common in CM1 patients when compared 
to controls (P = 0.030). The presence of lower back pain 
(P = 0.040) and motor dysfunction (0.040) were found 
to be more common in CM1 patients in comparison to 
controls. However, there was no statistically significant 

difference between the CM1 patients with or without 
syrinx.

Clinical features associated with surgery

A comparison of clinical features between patients who 
underwent surgery, patients who were managed conserva-
tively, and controls are seen in Table 5. The presence of 
occipital headaches (P = 0.007), overall pain (P = 0.042), 
neck pain (0.027), apnea (0.007), swallowing abnormality 
(0.007), motor dysfunction (P = 0.027), and sensation dys-
function (P < 0.001) were found to be indications for surgery. 

Table 2  Statistically significant radiological criteria in CM1 patients with and without syrinx

 ± P-value comparing Chiari I patients with and without syrinx versus control patients. +P-value comparing Chiari I patients with and without 
syrinx only. Boldface type indicates statistically significant parameters (P < 0.05). *MR spine was not available in most control patients. × Axial 
MR sequences of the spine were not available in 3 patients. ⊥After correction for multiple testing adjusted P-values remained statistically sig-
nificant (P < 0.05)

Variable Controls
(n = 40)

CM1 
No syrinx
(n = 94)

CM1 
Syrinx
(n = 28)

P-value± P-value+ OR (95% CI)

Surgery, frequency (%) < 0.001⊥ < 0.001⊥
  No 40 (100.0) 84 (89.4) 11 (39.3)
  Yes 0 (0.0) 10 (10.6) 17 (60.7)
Whole tonsillar length, mean mm (SD) 25.30 (3.62) 33.31 (6.05) 35.82 (6.57) < 0.001⊥ 0.075 1.1 (1.0, 1.1)
Length of the herniated tonsils, mean mm (SD) 0.24 (0.85) 11.05 (5.14) 12.31 (4.83) < 0.001⊥ 0.150
Position of the obex, frequency (%) < 0.001⊥ 0.002
  At or above Mc Rae’s line 40 (100.0) 71 (74.7) 12 (42.9) Ref
  Below Mc Rae’s line 0 (0.0) 24 (25.3) 16 (57.1) 3.9 (1.7, 9.7)
Kinking of the medulla, frequency (%) 0 (0.0) 14 (14.9) 9 (32.1) < 0.001⊥ 0.041 1.2 (0.3, 4.7)
Clivus length, mean mm (SD) 24.48 (3.35) 21.26 (4.22) 22.64 (3.78) < 0.001⊥ 0.138
Length of the foramen magnum, mean mm (SD) 37.45 (3.31) 36.08 (3.46) 35.57 (2.94) 0.041 0.400 37.45 (3.31)
Length of the supraocciput, mean mm (SD) 43.10 (5.02) 37.99 (5.20) 40.36 (5.33) < 0.001⊥ 0.026 1.1 (1.0, 1.2)
Length of the midbrain, mean mm (SD) 13.47 (1.12) 12.79 (1.55) 13.91 (1.37) < 0.001⊥ < 0.001⊥ 1.8 (1.3, 2.5)
Angle of the cerebellar tentorium, mean (SD) 36.08 (4.54) 38.32 (5.63) 36.05 (6.13) 0.018 0.064
Retroversion angle, mean (SD) 75.70 (5.23) 75.16 (6.90) 69.22 (13.05) 0.007 0.006
Scoliosis, frequency (%) < 0.001⊥ < 0.001⊥ 8.4 (1.9, 47.3)
  No 6 (15.4) 91 (96.8) 19 (67.9)
  Yes 0 (0.0) 3 (3.2) 9 (32.1)
  Not available 33 (84.6)* 0 (0.0) 0 (0.0)
Prominence of the central canal, frequency (%) < 0.001⊥ 0.032 2.6 (0.9, 7.7)
  No 6 (15.0) 76 (80.9) 16 (57.1)
  Yes 0 (0.0) 18 (19.1) 12 (42.9)
  Not available 34 (85.0)* 0 (0.0) 0 (0.0)
Low lying conus, frequency (%) < 0.001⊥ 0.631
  No 6 (15.0) 91 (96.8) 27 (96.4)
  Yes 0 (0.0) 3 (3.2) 1 (3.6)
  Not available 34 (85.0)* 0 (0.0) 0 (0.0)
Fatty filum, frequency (%) < 0.001⊥ 0.082
  No 4 (10.0) 81 (86.2) 27 (96.4)
  Yes 0 (0.0) 10 (10.6) 1 (3.6)
  Not available 36 (90.0)* 3 (3.2) × 0 (0.0)
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The absence of pain was more commonly associated with 
CM1 patients managed conservatively (P = 0.042) and con-
trol patients (P = 0.001).

Discussion

Several studies have attempted to evaluate different radi-
ological and clinical parameters in patients with CM1, 
syringomyelia, and the need for surgical intervention [13, 
14, 18–23]. Obex position, retroversion angle of the dens, 
scoliosis, and medullary kinking have also been previously 
reported [13, 14, 21, 24, 25]. Tubbs et al. hypothesized that 
a posteriorly inclined den in CM1 displaces the brainstem 
posteriorly at the level of the obex and inhibits egress of CSF 
into the subarachnoid space, thereby propelling it into the 
spinal cord (a mechanism of syrinx formation proposed by 
Gardner and Angel) [26]. An inferiorly displaced brainstem 
and consequently obex would also contribute to the obstruc-
tion at the craniocervical junction [27]. As Greitz’s group 
hypothesized, when there is obstruction of the subarachnoid 
space at the level of the FM, there is a dysregulation of pres-
sures between the subarachnoid space and the spinal cord 
[28]. Impaired absorption of CSF through the intramedul-
lary venous channels subsequently leads to fluid accumula-
tion and central canal dilation, resulting in syrinx forma-
tion [29]. Craniovertebral junction abnormalities including  
a short clivus, a decreased length of the foramen magnum, 
and an increased angle of the cerebellar tentorium have been 
described in patients in Chiari I. However, its correlation 
with syringomyelia or surgery remains unclear [11, 13, 18].

Our results are concordant with what has been described 
in the literature, associating tonsillar length, medullary kink-
ing, and obex position with the need for surgery [11, 14, 
21, 24, 30, 31]. In a recent study, Alford et al. concluded 
that these imaging criteria may be directly linked to the 

development and progression of symptoms [11]. Haller 
et al. proposed that when tonsil position and obex position 
were combined, they were better associated with the use of 
PFD than when evaluated independently. The association of 
tonsillar descent with syringomyelia, however, remains con-
troversial in the literature [15, 21, 32]. Our results empha-
size that tonsillar ectopia alone does not associate with 
syrinx development, but rather the constellation of findings 
that may be seen with tonsillar descent. Other radiological 
parameters such as atlas assimilation, supraocciput length, 
angle of the cerebellar tentorium, length of the foramen 
magnum, and pB-C2 distance have not been strongly asso-
ciated with surgery in the literature, which is parallel to our 
findings [11, 12].

The presence of syrinx has been independently associ-
ated with surgical intervention in previous studies, which 
correlates with our results [11, 14, 33–35]. Treatment for 
syringomyelia in patients with CM1 is largely restricted 
to surgical intervention in the form of PFD. In most cases, 
syringomyelia will resolve after PFD; however, some stud-
ies have reported a progression of syrinx and symptoms 
even after PFD. Of note, cases of spontaneous resolution 
of the syrinx without surgical intervention have been 
described. These inconsistencies emphasize that there is 
still much to be understood about the relationship between 
CM1 and syringomyelia [36, 9].  

The association between central canal prominence and 
syringomyelia has been controversial in the literature [37]. 
16.6% of the CM1 patients identified with the prominence of 
the central canal in our cohort at baseline developed syrinx 
on follow-up imaging. Our results support the theory that a 
prominent central canal might be the site for the initial accu-
mulation of fluid during syrinx cavity pathogenesis in chil-
dren with CM1 [31, 37, 38]. Milhorat et al. also concluded 
that differences in canal patency can affect the development 
of syringomyelia in patients with hindbrain herniation [39].

Fig. 4  A Sagittal T1WI of the brain. Features of Chiari I malforma-
tion, including a short clivus (white star), retroversion of the dens 
(thick white arrow), herniation of the cerebellar tonsils (gray arrow 
with black outline), position of the obex below the foramen magnum 

(white dashed arrow), and kinking of the medulla (thin white arrow). 
B, C Sagittal T2WI of the upper spine. Presence of an associated syr-
inx (white star with black outline) involving the cervical, thoracic, 
and lumbar spinal cord
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In our study, midbrain length was found to be strongly 
associated with syrinx and surgery. Elongation of the mid-
brain has been described in Chiari II malformation [20, 
40, 41]. However, little is known about the morphology of 
the midbrain in patients with CM1. Rare cases of midbrain 
deformity associated with CM1 have been reported in the 
literature [42], but morphometry of the midbrain has not 
been previously evaluated before in patients with Chiari I 
malformation. It is known that elongation of the medulla 
and fourth ventricle occurs in patients with caudal migration 
of the obex below the foramen magnum, an entity known as 
Chiari malformation 1.5 [20]. Although the pathophysiology 
of CM1 is still poorly understood, one leading hypothesis 

is that overcrowding of the hindbrain occurs secondary to 
underdevelopment of the occipital bone, resulting in obstruc-
tion of the CSF flow [20, 43]. We infer that these mechanical 
factors may contribute to caudal migration of the brainstem 
as well. Perhaps a longer midbrain length predisposes one 
to develop symptomatic Chiari I malformation by increasing 
the likelihood of foramen magnum and CSF flow obstruc-
tion. The lower position of the obex, in combination with 
the descended tonsils, may be more prone to compression 
and outflow obstruction during periods of vascular engorge-
ment of the tonsils, such as with the Valsalva maneuver or 
straining [20], which has been emphasized in the theories 
proposed by Tubbs et al., Gardner and Angel, and Greitz’ 

Table 3  Statistically significant radiological criteria in CM1 patients with and without surgery

 ± P-value comparing Chiari I patients with and without surgery versus control patients. +P-value comparing Chiari I patients with and without 
surgery only. Boldface type indicates statistically significant parameters (P < 0.05). *MR spine was not available in most control patients. × Axial 
MR sequences of the spine were not available in 3 patients. ⊥After correction for multiple testing adjusted P-values remained statistically sig-
nificant (P < 0.05)

Variable Controls
(n = 40)

CM1 
No surgery
(n = 95)

CM1 
Surgery
(n = 27)

P-value ± P-value+ OR (95% CI)

Presence of syrinx, frequency (%) < 0.001⊥ < 0.001⊥ 17.1 (4.5, 79.7)
  No 6 (15.0) 84 (88.4) 10 (37.0)
  Yes 0 (0.0) 11 (11.6) 17 (63.0)
  Not available 34 (85.0) * 0 (0.0) 0 (0.0)
Whole tonsillar length, mean mm (SD) 25.30 (3.62) 32.92 (5.67) 37.30 (7.04) < 0.001⊥ 0.005 1.1 (1.0, 1.2)
Length of the herniated tonsils, mean mm (SD) 0.24 (0.85) 10.40 (4.75) 14.67 (4.88) < 0.001⊥ < 0.001⊥ 1.2 (1.1, 1.3)
Position of the obex, frequency (%) < 0.001⊥ < 0.001⊥
  At or above Mc Rae’s line 40 (100.0) 75 (78.1) 8 (29.6) Ref
  Below Mc Rae’s line 0 (0.0) 21 (21.9) 19 (70.4) 8.5 (3.4, 23.2)
Kinking of the medulla, frequency (%) 0 (0.0) 9 (9.5) 14 (51.9) < 0.001⊥  < 0.001⊥ 6.7 (1.7, 31.2)
Clivus length, mean (SD) 24.48 (3.35) 21.29 (4.10) 22.57 (4.27) < 0.001⊥ 0.193
Length of the foramen magnum, mean mm (SD) 37.45 (3.31) 36.13 (3.34) 35.37 (3.34) 0.034 0.271
Length of the supraocciput, mean mm (SD) 43.10 (5.02) 38.21 (5.13) 39.67 (5.85) < 0.001⊥ 0.132
Length of the midbrain, mean mm (SD) 13.47 (1.12) 12.90 (1.50) 13.57 (1.75) 0.024 0.032 1.4 (1.0, 1.9)
Scoliosis, frequency (%) < 0.001⊥ 0.204
  No 6 (15.4) 88 (92.7) 22 (81.5)
  Yes 0 (0.0) 7 (7.4) 5 (18.5)
  Not available 33 (84.6)* 0 (0.0) 0 (0.0)
Prominence of the central canal, frequency (%) < 0.001⊥ 0.390
  No 6 (15.0) 74 (77.9) 18 (66.7)
  Yes 0 (0.0) 21 (22.1) 9 (33.3)
  Not available 34 (85.0)* 0 (0.0) 0 (0.0)
Low lying conus, frequency (%) < 0.001⊥ 0.642
  No 6 (15.0) 92 (96.9) 26 (96.3)
  Yes 0 (0.0) 3 (3.2) 1 (3.7)
  Not available 34 (85.0)* 0 (0.0) 0 (0.0)
Fatty filum, frequency (%) < 0.001⊥ 0.531
  No 4 (10.0) 82 (86.3) 26 (96.3)
  Yes 0 (0.0) 10 (10.5) 1 (3.7)
  Not available 36 (90.0) 3 (3.2) × 0 (0.0)
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group in the development of syrinx and likelihood of having 
surgery [29, 26–28]. However, this finding needs to be taken 
with caution and it should be assessed in future studies to 
determine its significance.

Pain or headache within the occipital region is the most 
common presenting symptom in children and adults with 
CM1, which is concordant with our results [8, 5, 22, 44, 
45]. Intractable occipital headaches and neck pain are com-
mon indications for surgery [1]. Occipital headaches have 
also been correlated with obex position [14]. Both occipi-
tal headaches and neck pain were significantly associated 
with the need for surgery in our study. Several authors have 
also described the correlation of pain with syringomyelia, 
[27, 46, 47] however, little is known about the location and 

characteristics of pain in patients with CM1 and syrinx. In 
our study, the presence of pain, particularly neck pain, was 
statistically associated with the presence of syrinx.

There are several limitations to our study. First, this is a 
retrospective study limited to a single center, which intro-
duces the possibility of bias. Second, not all the MR studies 
included in our study had the same imaging protocol; for 
example, sagittal T2 sequence of the brain was not included 
in all the reviewed MRIs. Third, our moderate sample size 
resulted in a relatively small number of patients with a syr-
inx who underwent surgery. Lastly, the main indication for 
an MRI in control patients was headaches, which might have 
led to a bias when comparing the presence of headaches in 
CM1 patients versus controls.

Table 4  Statistically significant clinical criteria in CM1 patients with and without syrinx

* P-value comparing Chiari I patients with and without syrinx versus control patients. +P-value comparing Chiari I patients with and without 
syrinx only. Boldface type indicates statistically significant parameters (P < 0.05). ⊥After correction for multiple testing adjusted P-values 
remained statistically significant (P < 0.05)

Variable Controls
(n = 40)

CM1 
No syrinx
(n = 40)

CM1 
Syrinx
(n = 28)

P-value* P-value + OR (95% CI)

Headaches, frequency (%) 34 (85) 37 (39.4) 9 (32.1) < 0.001⊥ 0.186
Cervical headaches, frequency (%) 4 (10.0) 1 (1.1) 2 (7.1) 0.048 0.068
Diffuse headaches, frequency (%) 15 (37.5) 13 (13.8) 1 (3.6) < 0.001 0.135
Alleviating factors: medications, frequency (%) 2 (5.0) 23 (24.5) 6 (21.4) 0.030 0.740
Pain, frequency (%) 0 (0.0) 11 (11.6) 9 (32.1) < 0.001⊥ 0.017 3.6 (1.3, 10.0)
Neck pain, frequency (%) 0 (0.0) 6 (6.4) 7 (25.0) 0.001 0.005 1.5 (0.6, 6.8)
Lower back pain, frequency (%) 0 (0.0) 5 (5.3) 4 (14.3) 0.040 0.111
Motor dysfunction, frequency (%) 3 (7.5) 25 (26.6) 5 (17.9) 0.040 0.346
Sensory disfunction, frequency (%) 4 (10.0) 11 (11.7) 14 (50.0) < 0.001⊥ < 0.001⊥ 13.8 (4.8, 44.2)

Table 5  Statistically significant clinical criteria in CM1 patients with and without surgery

* P-value comparing Chiari I patients with and without surgery versus control patients. +P-value comparing Chiari I patients with and with-
out surgery only. Boldface type indicates statistically significant parameters (P < 0.05). ⊥After correction for multiple testing adjusted P-values 
remained statistically significant (P < 0.05)

Variable Controls
(n = 40)

CM1 
No surgery
(n = 95)

CM1 
Surgery
(n = 27)

P-value* P-value+ OR (95% CI)

Occipital headaches, frequency (%) 4 (10.0) 11 (11.6) 9 (33.3) 0.012 0.007 1.6 (0.3, 7.7)
Cervical headaches, frequency (%) 4 (10.0) 1 (1.1) 2 (7.4) 0.045 0.060
Diffuse headaches, frequency (%) 15 (37.5) 13 (13.7) 1 (3.7) < 0.001 0.151
Alleviating factors: medications, frequency (%) 2 (5.0) 22 (23.2) 7 (25.9) 0.031 0.766
Pain, frequency (%) 0 (0.0) 12 (12.5) 8 (29.6) < 0.001 0.042 2.95 (1.03, 8.18)
Neck pain, frequency (%) 0 (0.0) 7 (7.4) 6 (22.2) 0.004 0.027 1.5 (0.3, 8.9)
Apnea, frequency (%) 1 (2.5) 2 (2.1) 4 (14.8) 0.013 0.007 21.9 (2.2, 313.0)
Swallowing abnormality, frequency (%) 0 (0.0) 5 (5.3) 6 (22.2) 0.001 0.007 2.9 (0.5, 19.4)
Motor dysfunction, frequency (%) 3 (7.5) 19 (20.0) 11 (40.7) 0.004 0.027 7.3 (1.6, 52.4)
Sensory disfunction, frequency (%) 4 (10.0) 9 (9.5) 16 (59.3) < 0.001⊥ < 0.001⊥ 30.5 (5.3, 271.6)
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Conclusion

Our study investigates radiological and clinical features 
of CM1 associated with syrinx and surgery. While further 
research is needed, these results suggest that the length of the 
herniated tonsils is not the only parameter to consider when 
evaluating patients with CM1. The obex position, the pres-
ence of syrinx, and medullary kink should be included as 
radiological parameters when evaluating CM1 patients and 
may be useful to guide clinical management. Furthermore, 
midbrain length is a novel criterion to consider, however, its 
significance will need to be assessed in future studies. The 
presence of neck pain, occipital headaches, apnea, swallow-
ing abnormality, and motor and sensory dysfunction should 
be considered clinical parameters. These features may be 
used to identify patients at risk of developing syrinx, prompt 
further investigation for syrinx, and evaluate the need for 
surgery. These results warrant assessment and replication 
in larger prospective studies.
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