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Chiari I malformation (CM-I) has traditionally been 
defined by the presence of greater than 5 mm of 
tonsillar ectopia below the foramen magnum, 

though this definition is based primarily on historical 
precedent rather than clinical evidence.1 Questioning the 

utility of this definition, the relationship between tonsil 
position and measures of disease severity, such as syrin-
gomyelia and surgical treatment with posterior fossa de-
compression (PFD), has been inconsistently reported in 
the CM-I literature.2–15 These results emphasize the need 
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OBJECTIVE Chiari I malformation (CM-I) has traditionally been defined by measuring the position of the cerebellar 
tonsils relative to the foramen magnum. The relationships of tonsillar position to clinical presentation, syringomyelia, 
scoliosis, and the use of posterior fossa decompression (PFD) surgery have been studied extensively and yielded incon-
sistent results. Obex position has been proposed as a useful adjunctive descriptor for CM-I and may be associated with 
clinical disease severity.
METHODS A retrospective chart review was performed of 442 CM-I patients with MRI who presented for clinical evalu-
ation between 2003 and 2018. Clinical and radiological variables were measured for all patients, including presence/lo-
cation of headaches, Chiari Severity Index (CSI) grade, tonsil position, obex position, clival canal angle, pB-C2 distance, 
occipitalization of the atlas, basilar invagination, syringomyelia, syrinx diameter, scoliosis, and use of PFD. Radiological 
measurements were then used to predict clinical characteristics using regression and survival analyses, with performing 
PFD, the presence of a syrinx, and scoliosis as outcome variables.
RESULTS Among the radiological measurements, tonsil position, obex position, and syringomyelia were each inde-
pendently associated with use of PFD. Together, obex position, tonsil position, and syringomyelia (area under the curve 
[AUC] 89%) or obex position and tonsil position (AUC 85.4%) were more strongly associated with use of PFD than tonsil 
position alone (AUC 76%) (Pdiff = 3.4 × 10−6 and 6 × 10−4, respectively) but were only slightly more associated than obex 
position alone (AUC 82%) (Pdiff = 0.01 and 0.18, respectively). Additionally, obex position was significantly associated 
with occipital headaches, CSI grade, syringomyelia, and scoliosis, independent of tonsil position. Tonsil position was as-
sociated with each of these traits when analyzed alone but did not remain significantly associated with use of PFD when 
included in multivariate analyses with obex position.
CONCLUSIONS Compared with tonsil position alone, obex position is more strongly associated with symptomatic CM-I, 
as measured by presence of a syrinx, scoliosis, or use of PFD surgery. These results support the role of obex position as 
a useful radiological measurement to inform the evaluation and potentially the management of CM-I.
https://thejns.org/doi/abs/10.3171/2020.2.PEDS19486
KEYWORDS obex position; Chiari I malformation; scoliosis; syringomyelia; headaches; tonsil position; posterior fossa 
decompression surgery

J Neurosurg Pediatr Volume 26 • July 2020 45©AANS 2020, except where prohibited by US copyright law

Brought to you by Washington University SOM | Unauthenticated | Downloaded 02/17/21 04:03 PM UTC



Haller et al.

J Neurosurg Pediatr Volume 26 • July 202046

for improved understanding of the association between ra-
diological craniovertebral junction (CVJ) parameters and 
clinical disease in cases of CM-I.

Various terms have been used to describe a spectrum 
of patients with a complex CM-I phenotype who have 
concurrent CVJ or posterior fossa pathology and/or vari-
ant anatomy.16 Obex position is one CVJ measure that has 
been investigated in CM-I, and an obex position below 
the level of the foramen magnum, in combination with 
tonsillar ectopia, has been classified by some authors as 
a further disease subset, Chiari 1.5 (CM-1.5).4,16 However, 
an obex position is inconsistently reported in the CM-I lit-
erature, and the degree to which CM-1.5 represents a dis-
tinct disease subset is unclear.4,17 While limited evidence 
in adult CM-I patients suggests obex position may predict 
symptom resolution after PFD,15 the clinical importance 
of obex position in children remains to be elucidated.

Given this gap in the existing literature, the objective 
of this study was to investigate the association of obex 
position, tonsillar position, and other CVJ morphometric 
measurements with measures of clinical disease severity 
in children with CM-I.

Methods
Clinical and Radiological Measurements

After IRB approval from Washington University in St. 
Louis, a retrospective chart review was performed on all 
pediatric patients who presented to the outpatient clinic 
and were diagnosed with CM-I at St. Louis Children’s 
Hospital between 2003 and 2018. Patients were diagnosed 
based on 5 mm or more of tonsillar ectopia demonstrated 
on imaging. Patients diagnosed with Chiari II malforma-
tions were excluded. Three patients with reported tethered 
cord were included. A total of 599 patients with a tonsil 
position of at least 5 mm below the level of the foramen 
magnum were identified, of whom 442 had a high enough 
quality preoperative brain MR image available for review. 
Most patients had MR images that included the spine. If 
multiple MR images were done, the oldest study was al-
ways used to ensure presurgical symptom characterization 
and for consistency. Manual review of MR images was 
performed to identify tonsil position12 (negative values 
below the foramen magnum), obex position (the distance 
of the obex from the foramen magnum, as defined by the 
basion-opisthion line with negative values below the fora-
men magnum),16 syrinx diameter (maximum anteroposte-
rior distance or lateral distance of the syrinx cavity; no 
size cutoff was used), basilar invagination,18 occipitaliza-
tion of the atlas (defined as fusion of C1 to the base of 
the skull), pB-C2 distance,6,19,20 and clival canal angle.18 
Syringomyelia was analyzed as a baseline radiological in-
dependent variable and also as an outcome measure, or 
dependent variable.

Charts were reviewed to determine the presence, sever-
ity, and type of headaches; clinically diagnosed scoliosis; 
age at CM-I diagnosis; age at PFD (if applicable); age at 
initial MRI; height; weight; family history; and Chiari Se-
verity Index (CSI) grade.7 The CSI is an integrated clinical 
and radiological severity index that has been used to clas-
sify disease severity in children with CM-I7 and includes 

aspects of headache symptoms, bulbar symptoms related 
to brainstem compression, and spinal cord pathology. 
Our primary outcome measurements were PFD surgery 
and syringomyelia. Secondary outcomes analyzed were 
scoliosis, CSI grade, headaches (presence or absence, as 
noted in patients’ charts), and primary headache location 
(occipital, frontotemporal, or unspecified).

All imaging studies and medical records were reviewed 
by a single trained reviewer. Imaging controls were identi-
fied among patients seen for headaches at pediatric neu-
rology clinics at St. Louis Children’s Hospital who were 
not found to have tonsillar herniation or other intracranial 
pathology.

Statistical Analysis
Univariate and multivariate analyses was performed 

with logistic regression using the GLM function in R. The 
correlation between continuous variables was determined 
by linear regression using the GLM function in R. Receiv-
er operating characteristic (ROC) curves were obtained 
for the ability of each variable to predict surgery using 
the pROC package in R and compared pairwise using De-
Long’s test for two ROC curves. Multiple variables were 
combined using logistic regression to obtain fitted values 
for use in ROC estimates. Kaplan-Meir survival curves 
were created using the OIsurv package in R.

Results
Of the 442 pediatric CM-I patients who were included 

in this study, the mean age was 13 ± 6 years at presenta-
tion and 240 of 442 (54%) were female. Of the 442 pa-
tients, 113 (27%) had syringomyelia at presentation and 
137 (31%) ultimately underwent PFD. Among those with 
syringomyelia, the mean syrinx size was 5.85 ± 3.8 mm. 
All patients had tonsil positions greater than 5 mm below 
the foramen magnum. The mean tonsil position was −9.4 
± 5.2 mm (range −5 to −28 mm) below the foramen mag-
num. The mean obex position among CM-I patients was 
2.3 ± 5.8 mm above the foramen magnum. Scoliosis was 
diagnosed in 15% of CM-I patients. We tested associations 
with all variables and measurements mentioned in Meth-
ods and followed up further with significant results. Indi-
cations for performing PFD were assessed by an attending 
physician (D.D.L.). Among patients undergoing PFD, 43% 
had a primary indication for surgery of syringomyelia, 
40% had a primary indication for surgery of headaches, 
4% had a primary indication for surgery of scoliosis, and 
the remaining 13% of patients had various primary indi-
cations for surgery, including vision changes, peripheral 
weakness, dysphasia, neck pain, and sleep apnea, among 
others. No patients were offered PFD based on tonsil posi-
tion alone, and no patients in this study had an obex posi-
tion measured prior to surgery.

Predicting PFD Using Clinical and Radiological 
Characteristics

The association between the analyzed clinical and ra-
diological variables and treatment with PFD is shown in 
Table 1. In the univariate analysis, tonsil position, obex po-
sition, syringomyelia, CSI grade, and occipital headaches 
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were associated with use of PFD (p value range = 4 × 10−4 
to 1.6 × 10−27) (Table 1).

Obex and Tonsil Position
Since tonsil position is a well-established measurement 

of CM-I and is associated with use of PFD, we determined 
if the addition of obex position would improve the asso-
ciation of PFD surgery use. Obex position and tonsil po-
sition were correlated in this data set (r2 = 0.32, p = 5 × 
10−35) (Fig. 1A), with the majority of surgical cases having 
both moderate-severe tonsil position (< −10 mm, i.e., 10 
mm below the foramen magnum) and obex position (< 0 
mm, i.e., below the foramen magnum)—in other words, 
they had CM-1.5. When these significant measures were 
combined in a single regression analysis, tonsil position, 
obex position, and syringomyelia remained independently 
associated with PFD. Together, these factors combined 
were associated with the use of PFD with an area under 
the curve (AUC) of 89%. This was significantly better 
than when tonsil position (AUC 76%) or obex position 
(AUC 82%) was used alone (Pdiff = 3.4 × 10−6 and Pdiff = 
0.01, respectively) (Fig. 1B). This was also evident in that 
obex position was significantly lower among patients un-
dergoing decompression (Fig. 1B) (p = 7.7 × 10−25) and 
that obex position and tonsil position together were more 
significantly associated with the use of PFD than tonsil 
position alone (AUC of 85.4% vs 76%; Pdiff = 6 × 10−4) 
(Fig. 1C).

To determine if obex position had a significant and 
independent association with use of PFD, we stratified 
patients by both obex position and tonsil position after 

dichotomizing for each within the data set. Individuals 
were categorized as either having a low obex position (< 
0 mm), moderate-severe tonsil ectopia (< −10 mm), nei-
ther, or both. Survival analysis with PFD as the outcome 
variable revealed that patients with moderate-severe tonsil 
position (< −10 mm) and normal obex position (> 0 mm) 
and patients with a low obex position (< 0 mm) but mild 
tonsil position (> −10 mm) were more likely to have under-
gone PFD (Pdiff = 2 × 10−6 and 5 × 10−4, respectively) than 
patients with a normal obex position and mild tonsil posi-
tion. Similarly, patients with both a low obex position and 
a moderate-severe tonsil position were more likely to have 
undergone PFD compared to patients with a mild tonsil 
position and a normal obex position (Pdiff = 2 × 10−14) and 
compared to patients with either a low obex position but 
a mild tonsil position or a moderate-severe tonsil position 
but a normal obex position (> 0 mm) (Pdiff = 0.01) (Fig. 1D).

Syringomyelia
Since syringomyelia is a major factor in surgical de-

cision-making for PFD, we investigated the relationships 
among syringomyelia, tonsil position, and obex position. 
We found that, after grouping patients by the presence of 
a syrinx, both obex position and tonsil position remained 
significantly associated with use of PFD among patients 
without syringomyelia (p = 3.5 × 10−6 and 2.9 × 10−8, re-
spectively [logistic regression]) but found no relationship 
between either obex position (p = 0.11, logistic regression) 
or tonsil position (p = 0.07, logistic regression) among pa-
tients with syringomyelia, as nearly all patients with syrin-
gomyelia underwent PFD in this data set. We performed 

TABLE 1. Effects of radiological and clinical characteristics on risk of PFD

Trait All CM-I Surgery (n = 137) No Surgery (n = 294) OR (95% CI) p Value

Sex 0.97 (0.98–1.03) 0.36
 Male 202 (46) 62 (45) 135 (46)
 Female 240 (54) 75 (55) 159 (54)
Age (yrs) 13 ± 6 14 ± 6 12 ± 6 1.01 (0.99–1.03) 0.19
Surgery 137 (31)
Tonsil position (mm) −9.4 ± 5.2 −13.3 ± 5.6 −7.6 ± 4.0 1.3 (1.21–1.35) 1.2 ×× 10−23

Obex position (mm) 2.3 ± 5.8 −1.5 ± 6.1 4.7 ± 4.4 1.23 (1.17–1.29) 7.7 ×× 10−25

Syringomyelia 113 (27) 81 (60) 30 (11) 11.8 (6.99–19.88) 1.6 ×× 10−27

Syrinx size (mm) 5.85 ± 3.8 6.52 ± 3.6 4.46 ± 2.8 1.3 (1.06–1.55) 0.008
Scoliosis 66 (15) 33 (24) 10 (3) 7.9 (3.71–16.73) 6 ×× 10−8

CSI score
 1 91 (27) 51 (46) 39 (18) 3.77 (2.25–6.31) 4.4 ×× 10−7

 2 208 (62) 32 (29) 172 (79) 0.11 (0.06–0.19) 3.3 ×× 10−16

 3 34 (10) 28 (25) 6 (2) 11.6 (4.63–29.26) 1.8 ×× 10−7

pB-C2 distance (mm) 6.5 ± 1.8 6.5 ± 1.9 6.6 ± 1.8 1.02 (0.91–1.14) 0.71
Basilar invagination 11 (2) 5 (4) 6 (2) 1.47 (0.40–5.33) 0.55
Headaches 217 (49) 81 (59) 131 (45) 1.56 (1.01–2.39) 0.04
Occipital headaches 88 (20) 44 (32) 43 (14) 2.44 (1.48–3.98) 3.9 ×× 10−4

Occipitalization 30 (7) 14 (11) 16 (6) 1.88 (0.89–4.00) 0.10
Clival canal angle (º) 141 ± 12 139 ± 13 142 ± 11 0.99 (0.97–1.00) 0.15

Values are presented as the number (%) of patients or as the mean ± SD. Boldface type indicates statistical significance.
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this same analysis using syringomyelia as the outcome 
and found that the presence of a syrinx is predicted best by 
both obex position and tonsil position (AUC 71%; p = 6.2 
× 10−3 compared to tonsil alone), but obex position alone 
still predicted the presence of a syrinx with a higher AUC 
than herniation alone (AUC 63% for obex position vs 56% 
for tonsil position) (Fig. 1E).

Predicting Syringomyelia Using Clinical and Radiological 
Characteristics

We next evaluated clinical or radiological measure-
ments associated with the presence of a syrinx. Of the 
measured characteristics, tonsil position and obex position 
were the only factors that were significantly associated 
with syringomyelia. CSI grade was not tested as it is par-
tially defined by the presence of syringomyelia. Including 
both tonsil position and obex position in a single regres-
sion analysis revealed that only obex position was signifi-
cantly associated with syringomyelia independent of ton-
sil position, with an AUC of 70.2%, a sensitivity of 70%, 
and a specificity of 70%. We next stratified patients into 
groups based on the severity of tonsil and obex positions. 
There were similar rates of syringomyelia in individuals 
with mild obex position (≥ 0 mm) and moderate-severe 

tonsil position (≤ −10 mm) compared to those with mild 
obex position (> 0 mm) and mild tonsil position (> −10 
mm). Similarly, individuals with a low obex position (< 0 
mm) and moderate to severe tonsil position (≤ −10 mm) 
had similar rates of syringomyelia to patients with a severe 
obex position and a mild tonsil position (Fig. 2). Basilar 
invagination, occipitalization of the atlas, pB-C2 distance, 
and clival canal angle were not associated with any of the 
primary outcomes and were not correlated with tonsil po-
sition or obex position.

Relationship Among Obex Position, Scoliosis, and 
Syringomyelia

As scoliosis is an important comorbidity in CM-I pa-
tients with syringomyelia, we investigated the relationship 
among obex position, scoliosis, and syringomyelia in this 
data set. First, we replicated previous findings that scolio-
sis is significantly more common in CM-I patients with 
syringomyelia compared to CM-I patients without syrin-
gomyelia (p = 4.74 × 10−9). Next, we found that obex posi-
tion was significantly lower in CM-I patients with scoliosis 
compared to those without (−1.2 mm vs 2.7 mm; p = 2 × 
10−5). Tonsil position was not different between CM-I pa-
tients with or without scoliosis (−9.8 mm vs −10.6 mm; p 

FIG. 1. Obex position improves surgical risk prediction among CM-I patients. A: Correlation between obex position and tonsil 
position among CM-I patients dichotomized by surgical treatment. B: Histogram of obex position among CM-I patients with and 
without decompression surgery. C: ROC curves showing PFD surgery is predicted best by both obex position and tonsil position. 
D: Kaplan-Meier curve comparing the proportion of CM-I patients receiving PFD surgery among individuals dichotomized by obex 
position (≤ 0 mm), tonsil position (≤ −10 mm), or both obex position and tonsil position. E: ROC curves showing syringomyelia is 
predicted best by both obex position and tonsil position.
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= 0.27). When we stratified patients by scoliosis and obex 
position, we found an increased rate of syringomyelia 
among patients with a low obex position (< 0 mm) but no 
scoliosis (43% of patients), scoliosis but a normal obex po-
sition (59% of patients), or both a severe obex position and 
scoliosis (80% of patients) compared to patients with nei-

ther scoliosis nor a severe obex position (13% of patients) 
(Fig. 3). In order to determine if obex position was related 
to syringomyelia risk through its relationship to scoliosis, 
we stratified patients by obex position and syringomyelia 
and looked at the rate of scoliosis in these subsets of pa-
tients. We found no relationship between obex position 

FIG. 2. Obex position is associated with syringomyelia independently of tonsil position among patients with CM-I. Relationship 
between dichotomized obex position and syringomyelia risk stratified by tonsil position. Mild obex and mild tonsil position (TP) 
(obex > 0 and TP > −10); mild obex and severe tonsil position (obex > 0 and TP ≤ −10); low obex and mild tonsil position (obex ≤ 0 
and TP > −10); low obex and moderate-severe tonsil position (obex ≤ 0 and TP ≤ −10). *p < 0.01, ***p < 0.0001. 
NS = not significant.

FIG. 3. Obex position is associated with syringomyelia independently of scoliosis among patients with CM-I. Relationship between 
dichotomized obex position and syringomyelia risk stratified by either tonsil position or scoliosis. Mild obex and mild tonsil position 
(obex > 0 and TP > −10); mild obex and moderate-severe tonsil position (obex > 0 and TD ≤ −10); low obex and mild tonsil position 
(obex ≤ 0 and TD > −10); low obex and moderate-severe tonsil position (obex ≥ 0 and TD ≤ −10). *p < 0.01, ***p < 0.0001.
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and scoliosis when stratified by syringomyelia, or to put 
it another way, the obex is only associated with scoliosis 
through its association with syringomyelia.

Impact of Tonsil and Obex Positions on CM-I–Related 
Symptoms

To better understand the relationship between radiolog-
ical characteristics and symptoms of patients with CM-I, 
we next determined if any of these measurements were as-
sociated with CM-I–related symptoms including presence 
of headaches, headache location, and CSI score.7 Obex 
position, but not tonsil position, was correlated with the 
presence of occipital headaches (p = 8 × 10−4 [logistic re-
gression]) but not the presence of any kind of headache (p 
> 0.05), with a more severe obex position occurring more 
often in patients with occipital headaches (Fig. 4 left). 
Similarly, in a multivariate analysis including both obex 
position and tonsil position, patients with more severe obex 
positions were less likely to have CSI grade 2 (small or no 
syrinx and only frontotemporal or no headaches) (p = 2 × 
10−3 [logistic regression]) (Fig. 4 right). This is consistent 
with our finding that a combination of obex position and 
the presence of a syrinx are the most strongly associated 
factors with CM-I severity as measured by use of PFD.

Discussion
We evaluated a large cohort of CM-I patients to deter-

mine both clinical and radiological variables associated 
with CM-I pathology, including syringomyelia, clinical 
symptoms, and use of PFD. We show that 3 radiological 
variables—tonsil position, obex position, and syringo-
myelia—were independently associated with use of PFD 
surgery in CM-I. However, importantly, obex position was 
associated with both syringomyelia and scoliosis, indepen-
dent of tonsil position. Although tonsil position and obex 
position were correlated in our group of CM-I patients, 
obex position was independently associated with syringo-

myelia, scoliosis, occipital headaches, and CSI grade and 
may represent an important adjunct in the clinical deci-
sion-making process for CM-I patients at presentation, 
since many neurosurgeons do not currently independently 
consider obex position when determining which patients 
require PFD. However, we believe that surgeons are un-
knowingly selecting those patients with the worst obex po-
sitions for surgery, as all variables surgeons currently con-
sider are associated with PFD through obex position. For 
example, our finding that poor obex position is indepen-
dently associated with occipital headaches would increase 
the frequency of those with poor obex positions receiving 
PFD. The converse then is true as well—that those patients 
with less severe obex positions are the ones more often not 
offered surgery.

Though controversial, many clinicians use a threshold 
of less than −5 mm for cerebellar tonsillar position of one 
tonsil to diagnose CM-I.21 This cutoff is based on mea-
surements of average tonsil position in control and CM-I 
populations.2,3 Furthermore, several variables have been 
associated with clinical symptoms. For example, the pres-
ence and size of a syrinx increases the risk of scoliosis,5,6 
and syringomyelia is more common in patients with a 
greater degree of tonsillar descent.13 However, the relation-
ship between tonsil position and clinical disease has been 
inconsistently reported.2,3,11

Tonsil position has a notoriously inconsistent relation-
ship with clinical outcome, evidenced by the fact that up to 
3.4% of adults undergoing MRI would qualify for a CM-I 
diagnosis based on tonsil position alone; however, only 
0.01%–0.04% of these patients would be symptomatic.22 
Recognizing the heterogeneity among CM-I patients, CM-
1.5 was defined as the presence of an obex position below 
the foramen magnum.4,16 However, this diagnosis is applied 
inconsistently, and many patients with a low obex position 
may not be grouped into this category. Furthermore, un-
like tonsil position, there are no data on the normal distri-
bution of the obex, and its clinical impact remains poorly 

FIG. 4. Obex position is associated with occipital headaches and CSI grade. Left: Obex position (gray) or tonsil position (black) 
among individuals with either no headaches, nonoccipital headaches, or occipital headaches. Right: Obex position (gray) or tonsil 
position (black) among individuals with either CSI grade 1, 2, or 3. *p < 0.01, **p < 0.001.
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defined.11 Thus, it is important to evaluate this matter in 
a large cohort of CM patients. As CM-I is likely a more 
heterogeneous entity than appreciated, there is a need to 
evaluate other variables as well. For example, the presence 
of gait imbalance and motor deficits was recently found to 
predict worse clinical and radiological outcomes after sur-
gery in an adult population,15 and increased tonsillar ecto-
pia has been shown to be associated with a more posterior 
odontoid angulation23 and displaced obex.10 Using multiple 
predictive variables, we are the first to report, with sta-
tistical confidence, that the position of the obex is more 
strongly associated with CM-I symptoms than tonsil posi-
tion, as well as the first to describe in detail the relation-
ship among obex position, the presence of a syrinx, and 
clinical disease. While it may seem logical that patients 
with a low obex position have greater clinical symptom 
severity, we observed a low obex position in 32% of our 
sample, suggesting that the true prevalence of CM-1.5 is 
much higher than previously thought. This figure jumps to 
63% of patients with a low obex among patients undergo-
ing PFD.

Though previous studies have shown that the presence 
of a syrinx is independently associated with scoliosis,14 
this is the first study to report the association between 
obex position and scoliosis. Our data suggest, however, 
that this association is driven through the association of 
both obex and scoliosis with syringomyelia. We also found 
an association between occipital headaches and low obex 
position. The majority of CM-I patients in our cohort re-
ported experiencing frequent headaches. Similarly, CSI 
grade contains components of headache symptomatology 
and syringomyelia, both factors correlated with obex po-
sition. Given the associations of low obex position with 
syringomyelia and scoliosis, obex position may factor 
into the decision to obtain an MR image of the spine as 
well. Building on the existing literature,2,3, 6, 11, 16, 17, 19,24 these 
results suggest that obex position may be a key predictor 
of clinical disease in CM-I patients and can serve as an 
important element for evaluating and classifying this het-
erogeneous patient population, and the results also indi-
cate that obex position is more strongly associated with 
CM-I–related symptoms than tonsil position.

Limitations
There are several limitations to this study. First, this 

study is retrospective, which may have biased the col-
lection and evaluation of certain data elements. Second, 
all MRI measurements were performed at a single time 
point in any individual, and therefore our analysis did not 
evaluate variability in obex position over time or how well 
patients did postoperatively. Third, our primary outcome, 
undergoing PFD surgery, was based on individual surgeon 
judgment, which may have biased this measure of clinical 
disease severity. Fourth, many of the measurements per-
formed in this study can be challenging given the quality 
of the MR images being screened, and measurement of 
several features was not possible after PFD surgery, giv-
en the alterations to the structures involved. Finally, we 
did not assess the relationship between obex position and 
postoperative change in CM-I–related pathology, such as 
clinical symptoms, syringomyelia, and scoliosis. In future 

work, we plan to evaluate the relationship between obex 
position and these key postoperative outcomes.

Conclusions
In this study we defined the relationships among obex 

position, tonsil position, and syringomyelia and CM-I 
symptoms, use of surgery, and scoliosis. Compared to ton-
sil position alone, obex position is more strongly associ-
ated with CM-I severity, as measured by the use of PFD 
and presence of a syrinx and scoliosis. While further vali-
dation is needed, these results suggest that obex position 
may be a useful radiological measurement in the manage-
ment of CM-I and that CM-1.5 needs to be a more widely 
adopted and diagnosed category of Chiari malformation.
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