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Abstract

Purpose  Although the more readily available MR imag-
ing has brought about more incidental findings of idio-
pathic syringomyelia (IS), no published study has
specifically addressed the clinical and imaging features of
IS-associated scoliosis. Since IS and Chiari I malformation
(CMI)-type syringomyelia are hypothesized to share a
common underlying developmental pathomechanism, this
study aimed to investigate the scoliosis curve patterns and
MRI syrinx cord characteristics of patients with IS com-
paring with those seen in CMI.

Methods  Sixty-one patients with scoliosis secondary to IS
were identified and reviewed retrospectively. The curve
pattern and specific curve features were recorded and
compared with historic CMI controls. Location, size, and
morphological appearance of the syrinx were systemati-
cally assessed on MR images.

Results The maximal syrinx/cord ratio and rostrocaudal
length of the syrinx in IS averaged 0.43 &+ 0.16 (range
0.17-0.78) and 4.6 &+ 2.5 (range 2-15) vertebral levels,
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respectively, both of which were smaller than those
reported in CMI-type syringomyelia. Regarding the char-
acteristics of IS-related scoliosis, sagittal profiles as well as
the frequency of curve patterns and atypical features were
all found to resemble those in patients with CMI (P > .05).
Among the 47 individuals with a single thoracic curve,
Fisher exact test revealed a significant correlation between
curve convexity and the dominant side of deviated syrinx
(83.3 % concordance rate, P = .021). In addition, apex of
the thoracic curve trended toward being significantly cor-
related with the level of maximum expansion of the syrinx
(P = .0606).

Conclusions Radiological characteristics of scoliosis
were found to be similar between idiopathic and CMI-
type syrinx in both the coronal and sagittal planes, adding
further evidence to the concept that these entities may be
part of a spectrum of disease sharing a common patho-
physiological mechanism. The thoracic spine in IS
patients tended to be convex to the deviated side of syr-
inx, which indirectly supported the likely role of spinal
cord dysfunction in the pathogenesis of syrinx-associated
spinal deformities.

Keywords Idiopathic syringomyelia - Chiari I
malformation - Scoliosis - Imaging feature - Coronal
asymmetry

Introduction

Syringomyelia is an etiologically diverse affliction char-
acterized by a longitudinally oriented fluid-containing
cavity that anatomically lies within the spinal cord par-
enchyma. Whereas syrinx is frequently associated with a
Chiari I malformation (CMI) [1], it occasionally occurs
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without any readily identifiably causes and hence, the
term “idiopathic syringomyelia” (IS) was coined to
denote such a unique pathological entity. Over the past
several decades, the more readily available MR imaging
has brought about more incidental findings of IS, partic-
ularly in patients seeking spinal care for the concomitant
scoliosis [2, 3].

Syringomyelia presenting with scoliosis as the primary
complaint represents a diagnosis which, if unidentified,
may lead to a delay in appropriate management. Compared
to patients with CMI-related syringomyelia, IS patients in
general have less extensive syringes as well as less severe
associated neurologic signs and symptoms [4], which, to
some extent, renders surgeons less likely to be alerted to
the presence of the intraspinal anomaly. Lately, the
radiographic features in scoliosis secondary to CMI and
syringomyelia have received extensive investigation [5-7],
showing left thoracic curve and the absence of apical
hypokyphosis as typical traits warranting high index of
suspicion for an underlying neural axis abnormality. Thus
far, however, no published study has specifically addressed
the clinical and imaging features of IS-associated scoliosis.
Given the assumption that IS and CMI-type syringomyelia
may share a common underlying developmental pathome-
chanism [4], we sought to determine whether the curve
patterns and radiological MRI syrinx cord characteristics of
scoliosis secondary to IS resemble those observed in CMI-
associated scoliosis.

In addition, as an asymmetrically expanding syrinx is
reckoned to cause unilateral damage to the anterior horn
that innervates paraspinal musculature and thereby pre-
dispose to scoliosis [8, 9], a multitude of investigators have
attempted to dissect the correlation between curve direction
and deviation of the syrinx [10-12]. Due, in part, to the
limited sample sizes and in particular the lack of clearly
recorded convex side of double major curves, however, no
conclusive evidence has hitherto been obtained. More
importantly, taking into account the high incidence of
asymmetrical cerebellar tonsillar ectopia as documented in
the literature [10, 13], such correlation may potentially be
subject to the influence of the laterality of downward dis-
placed tonsils as well. In this regard, the absence of classic
foramen magnum pathology in patients with IS allows an
accurate and somewhat more unbiased assessment of the
relationship between curve direction and syrinx deviation,
hence making possible a better understanding of the
mechanism by which syringomyelia leads to spinal defor-
mity. As single thoracic scoliosis is the predominant curve
type observed in IS [12], we focused on this group of
patients in the subset analysis to quantitatively evaluate the
correlation of the coronal asymmetries between scoliosis
and syrinx.
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Subjects and methods

The institutional review board waived the requirement for
informed consent for our retrospective review of patient
records and images, in compliance with Health Insurance
Portability and Accountability Act guidelines.

Patient population

A total of 65 patients referred to our center for evaluation
of scoliosis secondary to IS between 1998 and 2011 were
identified and reviewed retrospectively. In line with the
criteria defined previously [2, 3], diagnosis of IS was made
only after ruling out all the known precipitating causes of
syringomyelia (CMI, spinal cord tumor, trauma, CNS
infection, tethered cord, hydrocephalus, etc.). In addition,
patients with a history of spinal surgery, or with syrinx
diameter less than 1 mm or syrinx length less than two
vertebral levels were excluded from the study.

Clinical and radiographic evaluation

Routine demographic variables including gender and age
were collected for each patient as well as information on
presenting neurological signs and symptoms. Severity of
neurological deficit was determined on the basis of each
patient’s KPS score [14], and those with a score of 85-100,
65-84 and <65 were classified, respectively, as mild,
moderate and severe neurological deficit [15].

The location, size, sidedness, and morphological
appearance of the syrinx were systematically evaluated on
MR imaging studies. Midsagittal images of the brain and
spine were used to assess the rostrocaudal extent of the
syrinx, recorded as the number of vertebral segments tra-
versed [6]. The maximal syrinx/cord (S/C) ratio, defined as
the anteroposterior diameter of the syrinx divided by the
diameter of the spinal cord at the level of maximum
expansion, was assessed on transverse MR images to
determine the axial width of the syrinx [16]. In addition,
syrinx configuration was categorized into slender, cir-
cumscribed, moniliform and distended types (Fig. 1), as
previously described by Ono et al. [13]. On transverse
images, the sidedness of syrinx was identified by measur-
ing the distances between the center of the syrinx and the
bilateral rims of the spinal cord [10], and a syrinx with a
deviation rate [calculated as (right-side distance at the
upper end + right-side distance at the lower end)/(left-side
distance at the upper end + left-side distance at the lower
end)] of more than 1.10 or less than 0.90 was defined as
being eccentrically located [10].

Scoliosis-related indices including primary curve mag-
nitude, curve pattern, and apical, proximal and distal Cobb
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Fig. 1 Configuration of the
syrinx. a Distended type.

b Moniliform type. ¢ Slender
type. d Circumscribed type

end vertebrae were analyzed on long-cassette standing
posteroanterior radiographs. Coronal plane curve types
were classified as thoracic, thoracolumbar/lumbar, double
thoracic, or double major curves according to the location
of the apices and the curve magnitude. Standing lateral
radiographs were also reviewed to quantify thoracic
kyphosis (T3-T12) and lumbar lordosis (T12-S1) [5, 6],
and values were interpreted with respect to normative data
for sagittal profiles in asymptomatic adolescents and adults
[17-19]. Specifically, thoracic alignment was defined as
hyperkyphotic (>50°), normal (20°-50°), and hypokypho-
tic (<20°), and accordingly, lumbar alignment was defined
as normal (54°-74°), hyperlordotic (>74°), and hypolor-
dotic (<54°) [5, 6]. According to the Spiegel classification
scheme [5], atypical coronal curve patterns included left
thoracic, left thoracic/right lumbar, left thoracic/right tho-
racolumbar, right and left double thoracic, right thoracic
(King IV), and triple and quadruple curve patterns. “Typ-
ical” patterns would therefore consist of right thoracic,
right thoracic/left lumbar, right thoracic/left thoracolum-
bar, thoracolumbar, and lumbar curve patterns.

All measurements were performed independently by
two members of the study group (S.S. and H.Y.). Differ-
ences were resolved via discussion between the two, with a
senior spine surgeon (Z.Z.) being consulted if disagreement
persisted. Since curve patterns of scoliosis associated with
CMI-type syringomyelia are well documented in the liter-
ature in both the coronal and sagittal planes, historical

series (including a big series from our center) [5, 6] were
used as controls for comparison.

Statistical analysis

Data analyses were performed using SPSS version 19.0
(SPSS Inc., Chicago, IL). Distributions of variables are
presented as mean =+ standard deviation (range). Differ-
ences between measures were assessed by means of the
Student ¢ test and Wilcoxon rank test, depending on the
parametric qualities of the variable analyzed, for a signif-
icance level of <.05.

Results
Patient characteristics

A total of 61 patients including 32 males and 29 females
were ultimately enrolled into this study. The age at pre-
sentation ranged from 10 to 21 years, with a mean of
15.5 years. Neurological deficits were detected in 21 cases
(34.4 %) on the initial clinical examinations and classified
as mild in 14 (23.0 %), moderate in 5 (8.2 %), and severe
in 2 (3.3 %) according to the KPS grading system. Pre-
senting symptoms included extremity or back pain in 12
patients (19.7 %).
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Radiological features of IS

The maximal S/C ratio and rostrocaudal length of the
syrinx averaged 0.43 + 0.16 (range 0.17-0.78) and
4.6 £ 2.5 (range 2-15) vertebral levels, respectively, both
of which were smaller than those observed in prior CMI-
type syringomyelia cohorts (Table 1).

The proximal syrinx level ranged from C2 to T4, while
the distal level varied from C4 to T10. Distribution of
syrinx included 28 (45.9 %) lesions isolated to the cervical
spine, 28 (45.9 %) crossing the cervicothoracic junction,
and a further 5 (8.2 %) involving the thoracic cord only.
Syrinx configuration was classified as circumscribed type
in 40 patients, slender in 14, moniliform in 2, and distended
type in 5. Concerning the syrinx morphology on the
coronal plane, centrally located cavity was found in 40
(65.6 %) cases, with left and right deviation presenting in
11 (18.0 %) and 10 (16.4 %), respectively. All the above
parameters were further evaluated with respect to age and
gender; no significant difference, however, was noted
between males and females, or between adolescents
(10-18 years) and adults (>18 years) in terms of either
variable (P > .05; Table 2).

Radiographic features of scoliosis

Curve types of the scoliosis included 47 single (28 right
and 19 left) thoracic, 3 double thoracic, 8 double major,
and 3 thoracolumbar curves. Based on the classification
scheme proposed by Spiegel et al. [5], 25 (41.0 %) patients
were identified as having atypical curve patterns. In the 36
patients with “typical” coronal patterns, a superior/inferior
shift of the apex or the upper/lower end vertebrae was
considered as atypical feature [5, 6], and 27 (75.0 %) cases
fell into this category. On the sagittal plane, the thoracic
kyphosis averaged 46.0° & 19.8° (range 5°-110°) for the
entire  dataset, with thoracic hyperkyphosis and
hypokyphosis being demonstrated in 22 (36.1 %; Fig. 2)
and 3 (4.9 %) cases, respectively. As for the lumbar lor-
dosis (mean 57.8°; range 20°-88°), 42.6 % of patients were
within the normal range versus 42.6 % hypolordotic and
14.8 % hyperlordotic. Comparing these data with pub-
lished results for scoliosis associated with CMI-type syr-
inx, no significant difference was found in the distribution

of coronal curve patterns, sagittal profiles, or the frequency
of atypical features (P > .05; Table 3).

Relationship between syrinx and spinal deformity
characteristics

The primary coronal curve magnitude (71.8° £ 31.5°, on
average) was not related to the maximal S/C ratio or syrinx
length (P > .05), whereas a significant correlation was
observed between the two latter variables (Spearman cor-
relation test, r = 0.266; P = .038). In regard to the loca-
tion of syrinx relative to scoliosis, the level of maximum
expansion of the syrinx trended toward being significantly
correlated with apex of the thoracic curve (Fisher exact
test, P = .066). In addition, the syrinx (i.e., maximal S/C
ratio and syrinx length) and curve sizes did not differ
significantly between symptomatic and asymptomatic
patients (Wilcoxon rank test, P > .05), or between patients
with different severities of neurological deficits (in terms of
none, mild, moderate, and severe; Kruskal-Wallis test,
P > .05).

The correlation between the side of syrinx deviation and
convex side of the scoliosis was investigated in the 47
patients with a single thoracic curve. Among the 18 indi-
viduals in whom the syrinx was eccentrically located, an
83.3 % concordance rate was found in the laterality
between curve convexity and the syrinx (Fisher exact test,
P = .021; Table 4).

Discussion

The idiopathic form of syringomyelia classically does not
have an anatomical abnormality readily seen on regular
imaging. Multiple lines of evidence, however, demon-
strates that these patients may harbor “Chiari-like” prop-
erties such as increased peak cerebrospinal fluid flow
velocities [20, 21], steeper tapering of the upper cervical
spinal canal [22] and underdeveloped osseous posterior
fossa accompanied by a craniocerebral disproportion [4,
23]. Suboccipital decompression, a neurosurgical technique
widely adopted for treatment of CMI, has also been proved
to be effective for symptomatic IS in terms of diminishing
syrinx size and arresting symptom deterioration [4, 24, 25].

Table 1 Comparison of syrinx
dimensions between idiopathic
and Chiari I-type syringomyelia

Idiopathic syringomyelia

Present study

Chiari I-type syringomyelia

Wu et al. [29] Zhu et al. [30] Ono et al. [13]

Sample size 61
Age (years) 15.5
Maximal syrinx/cord ratio  0.43

Syrinx length (vertebrae) 4.6

44 54 42

12.1 10.2 44.8
0.61 0.52 -
8.1 10.0 12.9
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Table 2 Evaluation of

idiopathic syrinx with respect to Variable Gender Age
age and gender Males Females P Adolescents  Adults P
No. 32 29 48 13
Maximal syrinx/cord ratio 043 + 0.15 042 £0.17 NS* 043 +£0.17 0404+ 0.13 NS'
Length (vertebrae) 53+28 3.7+£1.38 NSt 45+22 49 £35 NSt
Location
Proximal level C2-T2 C2-T4 NS C2-T4 C2-T3 NS
Distal level C6-T10 C4-T7 C6-T7 C5-T10
Configuration
Circumscribed 20 (62.5 %) 20 (69.0 %) NS 31 (64.6 %) 9 (69.2 %) NS
Slender 8 (25.0 %) 6 (20.7 %) 11 (229 %) 3 (23.1 %)
Moniliform 2 (6.25 %) 0 121 %) 1 (7.7 %)
Distended 2 (6.25 %) 3 (10.3 %) 5 (10.4 %) 0
Syrinx deviation
Center 21 (65.6 %) 19 (65.6 %) NS 33 (68.8%) 7 (53.8 %) NS
Left 6 (18.8 %) 5(17.2 %) 8 (16.7 %) 3 (23.1 %)
Right 5 (15.6 %) 5(17.2 %) 7 (14.6 %) 3(23.1 %)

NS statistical non-significance (P > .05)
¥ Wilcoxon rank test, otherwise the Fisher exact test was used

Fig. 2 A 15-year-old male with
left thoracic scoliosis

(¢) secondary to idiopathic
syringomyelia (a). The syrinx
was observed to be deviated to
the left on transverse MR
images (b). Standing lateral
radiograph (d) demonstrates a
hyperkyphotic component of the
thoracic spine (51°)

In light of these clinical and radiological similarities, CMI Scoliosis is commonly seen in both IS and CMI patients.
and IS are hypothesized to share a common pathophysio-  To our knowledge, however, no study has directly com-
logical mechanism implicating an underlying genetic or  pared the imaging features of spinal deformities between
epigenetic component [4]. these two populations. In this series, radiographic
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Table 3 Comparison of scoliosis features between idiopathic and Chiari I-type syringomyelia

Variable Scoliosis secondary to IS Scoliosis secondary to CMI-type syringomyelia P
Present study Qiu et al. [31] Spiegel et al. [5]
Sample size 61 87 41
Age (years) 15.5 12.9 12.1
Primary curve magnitude (°) 71.8 57.6 432
Atypical coronal curve patterns 25 (41.0 %) 38 (43.7 %) 21 (51.2 %) NS
Single left thoracic 19 (31.1 %) 28 (32.2 %) 8 (19.5 %)
Left thoracic/right lumbar 2 (3.3 %) 3 (3.4 %) 2 (4.9 %)
Left thoracic/right thoracolumbar 0 0 124 %)
Double thoracic 3 (4.9 %) 6 (6.9 %) 4 (9.8 %)
Right thoracic (King IV) 1 (1.6 %) 1 (1.1 %) 4 (9.8 %)
Typical coronal curve patterns 36 (59.0 %) 49 (56.3 %) 20 (48.8 %) NS
Single right thoracic 27 (44.2 %) 31 (35.6 %) 9 (22.0 %)
Right thoracic/left lumbar 6 (9.8 %) 7 (8.0 %) 7 (17.1 %)
Right thoracic/left thoracolumbar 0 1 (1.1 %) 2 (49 %)
Lumbar/thoracolumbar 3 (4.9 %) 10 (11.5 %) 2 (4.9 %)
Atypical feature in typical curve patterns 27 (75.0 %) 32 (65.3 %) 15 (75.0 %) NS
Thoracic kyphosis
Hyperkyphosis (>50°) 36.1 % 29.6 % 29 % NS
Hypokyphosis (<20°) 4.9 % 2.5 % 5 %
Normal (20°-50°) 59.0 % 67.9 % 66 %
Lumbar lordosis
Hyperlordosis (>74°) 14.8 % 11.1 % 24 % NS
Hypolordosis (<54°) 42.6 % 49.4 % 24 %
Normal (54°-74°) 42.6 % 39.5 % 52 %

1S idiopathic syringomyelia, CMI Chiari I malformation, NS statistical non-significance

Table 4 Correlation between curve direction and the side of deviated
syrinx in patients with single thoracic scoliosis

Curve direction Syrinx deviation

Left Center Right
Left 7 11
Right 2 18 8

Fisher exact test, P = .021

parameters of scoliosis in IS including coronal curve pat-
terns, sagittal profiles and the frequency of atypical features
were found to be very similar to those reported for CMI-
associated scoliosis (Table 3), suggesting that the mecha-
nism by which syrinx leads to spinal deformity may also be
analogous between idiopathic and CMl-type syr-
ingomyelia. When different, the anteroposterior size and
vertical length of the syrinx tended to be smaller in IS as
compared to the CMI cohorts. This disparity, although is of
uncertain significance, indeed joins a list of other similarly
unexplained phenomena (for instance, milder neurologic
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symptoms [4] and minimally altered cerebrospinal fluid
hydrokinetics [20] in IS patients) and bears out the notion
that IS and CMI may represent different parts of the disease
spectrum with additional genetic and/or environmental
factors contributing to the phenotypic variation [4].

The mechanism underlying the development of scoliosis
secondary to syringomyelia remains incompletely under-
stood, although pressure from an asymmetrically expanded
syrinx is generally believed to be imparted to the lower
motor neurons or the dorsomedial/ventromedial aspects of
the gray matter, causing an imbalance of trunk musculature
and thus predisposing to scoliosis [8, 9, 26]. In an attempt
to test this theory, several studies have explored the cor-
relation between curve direction and the side of syrinx
deviation. Yeom et al. [11] reported that the curve con-
vexity was on the same side as the syrinx in 15 of 18
(83 %) patients with a deviated syrinx. Likewise, in 14
children with CMI-associated syringomyelia, Isu et al. [12]
found that the syrinx was eccentrically located on the axial
section and shifted to the convex side of the primary curve
in all cases. Lately, Zhu et al. [10] systematically evaluated
the correlation of the coronal asymmetries between
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tonsillar ectopia, syrinx location and scoliosis, demon-
strating that the thoracic curve was convex to the dominant
side of the asymmetrically displaced tonsils in 88.5 % of
patients and to the side of deviated syrinx in 86.2 %.
Whereas these studies brought to light an interesting phe-
nomenon that may contribute to a better understanding of
the association between syringomyelia and scoliosis, the
asymmetric nature of tonsillar ectopia per se in patients
with CMI might have potentially confounded their results.
Concentrating on IS patients without hindbrain herniation,
the current analysis (focused on single thoracic scoliosis so
as to obviate the dilemma in deciding the convex side of
double major curves) revealed a 83.3 % consistency in
laterality between curve convexity and the eccentrically
located syrinx (Table 4), which concurred with the con-
cordance rate reported by Yeom et al. [11]. Taken together,
these findings suggest that the curve convexity could be
influenced by deviation of the syrinx, providing further
support for the involvement of spinal cord dysfunction in
the pathogenesis of syringomyelia-associated scoliosis [8].
It should be noted, however, that a substantial number of
cases (up to 66 %) in this series were classified as having
centrally located syrinx as per the definition described by
Zhu et al. [10]. Conceivably, such morphology-based
classification utilizing arbitrarily defined threshold may not
be able to reflect precisely on whether the impingement on
spinal cord caused by the syrinx is symmetrical or not. As
evidenced by the experimental work from Zhu et al. [9], the
positive rates of abnormal spreading and 7y subunit
expression of acetylcholine receptors were both higher on
the convex side than on the concave side of the curve,
indicating that imbalance of neuronal input of the par-
avertebral muscles could be present in patients with syr-
ingomyelia-related scoliosis.

Previous small series on the relationship between loca-
tion of the scoliosis and syrinx have yielded inconsistent
results. Among 14 children with CMI-associated scoliosis,
Isu et al. [12] observed a difference between single and
double curves with respect to the location of the syrinx on
axial section, and the primary curve occurred in each group
at the level where the biased syrinx was present. In stark
contrast, a later study [11] on 20 pediatric and adult
patients failed to reveal evidence linking the location of the
syrinx to that of the primary curve. Magge et al. [2]
recently also described 12 IS patients aged 19 years or less,
showing no consistent pattern of the syrinx location rela-
tive to the spinal deformity. In our series, although a
marginally significant correlation (P = .066) was found
between the primary curve apex and the level of maximum
syrinx expansion, expounding this spatial relationship was
not clear-cut. As syringomyelia predominantly involves the
cervicothoracic segment in which the cervical enlargement
of the spinal cord resides [16, 27], one can speculate that

the medial nuclear group is more susceptible to the impact
of expanding syringes as compared to the lateral nuclear
group. However, how and to what extent this compromised
spinal cord function may contribute to the de novo for-
mation of scoliosis is still unclear.

As in previously reported series [11], curve magnitude
of the spinal deformity did not have a statistically signifi-
cant influence upon neurological findings in our study.
Also of note is the observation that symptoms (19.7 %;
including nonspecific symptoms such as back pain which
could be purely coincidental rather than a direct result of
the syrinx) and/or moderate to severe neurological deficit
(11.5 %) were present in merely a minority of patients,
which gives credence to the idea that IS is generally an
asymptomatic, benign pathology for which conservative
management would suffice [2, 3, 28]. Furthermore, our
findings correspond with those of other authors [15, 29] in
that anteroposterior size and vertical extent of the syrinx
were not proportional to the neurological deficit.

The present study involves the largest cohort so far
dedicated to the evaluation of the neuroimaging features of
IS, with particular emphasis on the coronal asymmetries
between scoliosis and eccentrically located syrinx. As far
as we can determine, this is also the only study to compare
the radiographic characteristics of spinal deformity
between the idiopathic and Chiari-type syringomyelia
populations.

Limitations inherent to this work include the retro-
spective, cross-sectional design. Given that not all patients
with scoliosis underwent routine MRI assessment in our
center, the possible effect of enrollment bias should also be
considered in any interpretation of these results. In addi-
tion, it should be noted that the term “IS” used in our study
refers to a syrinx of unknown origin, with absence of an
underlying pathology on MR scans and no history of a
preexisting condition that may potentially lead to the for-
mation of syringomyelia [2, 3, 28]. In this context, this
term does not necessarily imply the absence of an under-
lying cause, but, rather, the absence of a cause that can be
detected using standard diagnostic methods [21]. However,
what should be considered the “standard” procedure for
assessing syringomyelia will certainly change as the diag-
nostic technique evolves, and so will the definition for IS.
Lately, several published studies [20, 21, 23, 30] demon-
strated that abnormal cerebral spinal fluid (CSF) flow
hydrodynamics has a key role in the pathogenesis of syr-
ingomyelia, irrespective of whether the syrinx presents as
“idiopathic” or another form [31, 32]. This is particularly
intriguing considering that some universal mechanism may
underlie the development of all types of syrinx, as proposed
by Greitz [31]. Due to the retrospective nature of this
review, however, CSF circulation features were not eval-
uated in the patients recruited in this study. Moreover,
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using dynamic MRI studies or high-resolution MRI pro-
tocol such as 3D-CISS sequence would make a more
accurate and reliable assessment of their syringes.

Conclusions

Radiological characteristics of scoliosis were found to be
similar between IS and CMI-type syringomyelia in both the
coronal and sagittal planes, adding further evidence to the
concept that these entities may share a common patho-
physiological mechanism. The thoracic spine in IS patients
tended to be convex to the deviated side of the eccentri-
cally located syrinx, which indirectly supported the role of
spinal cord dysfunction in the pathogenesis of syr-
ingomyelia-associated scoliosis.
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