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Abstract
Purpose With the frequent use of magnetic resonance
imaging (MRI), patients with subtle and diffuse symptoms
due to small syrinx cavities increasingly present to neuro-
surgical care. In this respect, a dilated central canal,
hydromyelia, must be separated from patients with true
syringomyelia with an underlying disorder, as they do not
share clinical and radiological features. We hypothesize that
a differentiation of these two entities with distinct diag-
nostic tools is possible.
Methods To describe the entity of hydromyelia, we excluded
all patients from the syringomyelia database (n=142) with
any obvious cause of a syringomyelia, any objective
neurological deficits on clinical examination, pathological
results on electrophysiological monitoring (SSEP, MEP,
silent periods) or a widening of the spinal cord cavity of
more than 6 mm on MRI [routine acquisitions with FLAIR,
T1/T2-weighted images, Cine and CISS (constructive inter-
ference in steady-state) studies]. Life quality was assessed
through SF-36 questionnaires and an individualized ques-
tionnaire for the clinical history, pain and alternative
therapies.
Results Forty patients (15 males/25 females) matched the
criteria of a hydromyelia. With a mean age of 36.7 years
(range 11–62), they almost all presented with pain (79%) or
dysaesthesia of the limbs, with some having been an
incidental finding (10%). Over a follow-up time of
36.9 months (range 6–93) there was no neurological or
radiological deterioration.

Conclusions Patients with a hydromyelia do not share clinical
or radiological characteristics with patients harbouring a true
syringomyelia. As hydromyelia does not represent a disease
with an underlying pathology, no clinical or radiological
progression has been seen.With sophisticated diagnostic tools
to rule out any pathology this subset of patients can be
identified.
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Introduction

A centromedullary syndrome with predominant symptoms
of dissociated pain and thermal sensory impairment
clinically characterizes syringomyelia. Later in the course
of the disease with distension of important pathways,
segmental weakness, atrophy, upper motor neuron syn-
drome and autonomic dysfunction may occur.

However, with the more frequent use of magnetic
resonance imaging (MRI) in the last few decades, patients
with subtle and diffuse symptoms or incidentally detected
small syrinx cavities increasingly present to neurosurgical
care. Some authors named these cavities “central canal
syrinx”, “syringohydromyelia”, “idiopathic localized
hydromyelia” or “slit-like syrinx cavities” [11–13, 20, 27].
A consistent definition of non-syringomyelia cavities has
not been given up to today as some authors included in
their studies various expansive forms of central canal
syringes [19], diameters up to 5 mm [11] or only non-
dilatating cavities at all [13].

Based on a workflow for syringomyelia patients, we
aimed to define the term “hydromyelia” in contrast to true
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syringomyelia with an underlying disorder. With the help of
specific MRI sequences, electrophysiological studies and
clinical follow-up results, we want to articulate that a
differentiation between hydromyelia and syringomyelia is
possible.

Materials and methods

Inpatients and outpatients undergoing treatment for syringo-
myelia at the Department of Neurosurgery, University of
Tübingen, Germany voluntarily participated in the present
study, which was conducted from July 2005 to July 2008. A
total of 142 patients were examined, 88 were female and 54
were male (sex ratio 1.63:1), with a mean age of 50.4 years
(age range: 14–79 years).

To eliminate patients with syringomyelia from the data-
base, exclusion criteria for patients incorporated in the
“hydromyelia study group” were neuroradiological detection
of any obvious cause of a syringomyelia: malformations
of the cranio-cervical junction, e.g. Chiari malformation,
tethered cord, spina bifida occulta or aperta, subarachnoid
cysts, intraspinal tumours, severe scoliosis, spinal trauma in
the medical history, status post meningitis, any previous
spinal surgery (ventral fusions, dorsal instrumentations) as
well as previous peridural anaesthesia (Fig. 1).

To detect even subtle pathological changes of the spinal
subarachnoid space, all patients had MRI examinations on a
Magnetom Sonata 1.5 T (Siemens, Erlangen, Germany)
with a circular polar phased-array spinal coil. In addition to
routine acquisition of T1-weighted spin-echo (SE) and T2-

weighted fast SE (FSE) sagittal and axial images with and
without contrast enhancement, constructive interference in
steady-state (CISS) sequences, as well as cardiac-gated
cine-MRI studies were obtained [28]. Neurophysiological
investigation was performed with standard electrodiagnos-
tic equipment (Viking IV P, Nicolet Company). Conduction
studies included SSEP and MEP monitoring for all
extremities, as well as detection of spino-thalamic pathway
alterations with silent period studies (CSP, MNSP and
CoSP) as previously described [29]. Any pathological
results on electrophysiological monitoring as well as a
widening of a centrally located spinal cord cavity of more
than 6 mm were considered to be of different origin to the
central canal and were not incorporated in the study [11].

Life quality for all patients (n=142) was assessed
through the standardized SF-36 questionnaire and a
Syringomyelia Disability Index (SDI). The SDI, composed
from the Neck Disability Index (NDI) and the Oswestry
Disability Index is comprised of 23 questions pertaining to
routine activities, pain, and physical function and was
tailored to address the symptoms of syringomyelia patients
[7, 34]. Statistical analysis was conducted with SPSS 15.0
software to calculate coherence, including Pearson’s corre-
lation for metric data, two-sided tests for p value, and a t-
test for group mean comparisons.

Results

Forty patients met all the inclusion criteria for the hydro-
myelia study group; among them there were 25 females and
15 males (mean age 36, range 11–62). The hydromyelia
was located mainly over the thoracic segments (51%), the
cervico-thoracic in 25% and the cervical area in 23%
(Fig. 2). The mean sagittal expansion of the hydromyelic
cavity was 3.5 vertebrae. Only one cavity over the length
of the spinal cord was shown by 73% of patients; 23%
showed two dilatations and 33% had three cavities present.
The mean transversal diameter of the expansive area over
the spinal cord was 2.7 mm (range 1.2–5.8; SD 1.2). The
central canal as a holocord extension over the entire spinal
cord was visible in over 70% of patients on high resolution
CISS imaging (slices <1 mm).

Almost two-thirds of all patients in the hydromyelia
study group presented with pain as the primary symptom
and this was the reason for MRI examination, whereas four
patients had an incidental finding on MRI (10%) (Fig. 3).
Pain character varied from radicular, to burning neuropathic
or diffuse musculoskeletal sensations. Subjective sensory or
motor function disturbance was mentioned as well as gait
instability or typical dissociative symptoms. However, none
of the complained symptoms could be verified on neuro-
logical examination.

suspected 
Syringomyelia 

(n = 142) 

Chiari 26% 

Meningitis 2% 

Tumors 12%Trauma 19% 

Scoliosis 5% 

Idiopathic Syringomyelia 36% 
(n = 50) 

Pathology found with  
CISS/CINE – MRI & Electrophysiology 

(n = 10) 

Hydromyelia  
(n = 40) 

Fig. 1 Flowchart of the composition of the presented study group
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With the adjusted diagnostic protocol comprising MRI
sagittal CISS- and Cine-sequences and extensive electro-
physiological testing, ten patients from the former “idio-
pathic” syringomyelia group could be identified as
harbouring a small arachnoid cyst leading to cerebrospinal
fluid (CSF) flow disturbance and a concomitant alteration
of spino-thalamic pathways detected with silent periods on
electrophysiological testing. These lesions were then
classified as a small emerging syringomyelia and no
hydromyelia (Fig. 1).

The remaining patients with true hydromyelia had no
radiological changes in 93% of cases over a mean follow-
up period of 36.9 months (range 6–93; SD 22.1). In two
patients, the expansion of the dilatation seemed to be less;
however, the measurable difference was less than 10%.
Concomitant to the radiological state, clinical re-evaluation

showed a stable situation in all patients with no neuro-
logical deficit occurring over the observation period.

The physical (PCS) and mental (MCS) component score
of the SF-36 questionnaire revealed significant differences
between the mean of the German population (PCS 50.2, MCS
51.5) [5], syringomyelia and hydromyelia patients (p<0.01),
but no differences among patients with either syringomyelia
(PCS 33.2, MCS 45.0) or hydromyelia (PCS 37.9, MCS
46.6) (Fig. 4). However, the SDI was significantly higher in
hydromyelia patients (73%) compared with syringomyelia
patients (64%) (p<0.023). No significant changes in life
quality assessment have been noticed over the follow-up
period. Moreover patients’ judgment concerning their
clinical restriction was improved or stable in 85%. Com-
pared with patients with a true syringomyelia (n=102), this
is highly significant (p<0.001) (Fig. 5).
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Fig. 3 Presenting symptoms in hydromyelia (% of cases; n=40)

Fig. 2 Typical examples of a
cervical (left), thoracic (middle)
and lumbar (right) hydromyelia
on T2-weighted sagittal MRI
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Discussion

Whenever a hydromyelia is being detected by neuroradio-
logical imaging, patients get confronted with the diagnosis of
a syringomyelia. With the frequent use of internet-based
information, patients get extremely confused and do quite
often not except the fact that it might be a congenital variant.
The term syringomyelia was first described by Ollivier
D’Angers in 1824 [24], but in 1859 Stilling reported about
hydromyelia as a pathological excavation of the spinal cord
[32]. From that time onwards these terms were incon-
sequently used; describing similar pathologies, Leyden
stated in 1876 that “Syringomyelia found in an adult is a

kind of a congenital hydromyelia...” [17]. In recent decades
the term syringomyelia has become established, although it
again subsumes various kinds of pathologies.

The central canal of the spinal cord is a midline space
opening superiorly into the fourth ventricle and extending
inferiorly throughout the central spinal cord to terminate
into the proximal filum terminale. The canal derives from
the neural groove appearing on the 7th day of embryonic
life and later becoming the neural tube. The neural tube
closes on the 14th day of gestation progressively forming a
canal. At birth, its diameter is only 0.05–0.1 mm [1]. In the
region of the conus medullaris, the canal normally expands
during embryogenesis as a fusiform terminal ventricle, the
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Fig. 5 Change in patient judgement of the course of the disease compared with syringomyelia patients (in %)
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Fig. 4 SF-36 component scores for syringomyelia patients (n=142), hydromyelia patients (n=40) and the mean of the German population
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ventriculus terminalis [6, 18, 30]. Before it undergoes
developmental obliteration, the central canal contains small
amounts of CSF and is lined by a columnar ciliated
ependymal cell ephitelium [25, 36]. Anatomical studies
suggest that the sharply delineated central canal is seen only
in fetal and newborn spinal cords [36], as it is widely
accepted that the central canal undergoes age-related
stenosis such that it is obliterated in the vast majority of
adults [14, 20, 22, 37]. The results of Yasui et al. [37], who
analyzed the age-related morphological changes of the
central canal in 158 autopsy cases, suggest that the stenosis
of the central canal influences the anatomical features of
syringomyelia. On standard investigation the central canal
is not visible [2], in paediatric sonography it is described as
a linear echo [10, 21].

With the widespread use of MRI, more of these slit-like
syrinx cavities have been diagnosed [11]. In their report on
three adult patients, Jinkins et al. [13] found asymptomatic
localized widening of the central canal of the spinal cord
and termed this condition “idiopathic localized hydro-
myelia”. All of their patients were clinically and radio-
logically stable over a follow-up period of 3 years. Holly
and Batzdorf [11] described 32 patients, 80% of whom had
no further progression after 3 years. The fact that not all of
the reported patients had a stable clinical course demon-
strates the difficulty in defining the line between a stable
patent central canal and an emerging syrinx [8, 26].

As the underlying pathology in borderline cases is
difficult to assess, electrophysiological diagnostics may
help to distinguish between a physiologically patent central
canal en route to a syringomyelia with early alteration of
the spino-thalamic tract [29]. We demonstrated that an
emerging syringomyelia can be sufficiently diagnosed with
a combination of several electrophysiological parameters,
including the silent periods [29]. However, electrophysio-
logical diagnosis must match the clinical and investigative
findings. Patients can be re-evaluated without the risk of
subsequent progression, but follow-up studies are necessary
to show the predictive value of the silent periods on the
long-term course of syringomyelia. Sophisticated imaging
with high spatial resolution [26], stronger magnetic fields
and specially designed spinal coils almost close the gap
between pathological and normal images [3]. Adapted MRI
sequences help to identify patients formerly diagnosed with
idiopathic syringomyelia. Subtle subarachnoid adhesions
might be missed on routine acquisitions, but detected on
CISS sequences [28].

We and others have found the hydromyelia to be
predominantly centrally located in the thoracic spine,
extending over 3–5 segments and of filiforme shape [11,
26]. No neurological deficits come along with the patients,
who present mainly because of diffuse pain, different from
neuropathic pain in dissociative syndrome. Regular elec-

trophysiological parameters on routine and extended con-
duction of different spinal cord pathways underline the
benignity of hydromyelia. According to Jinkins et al. [13],
the criteria for hydromyelia should also include a localized
short-segment, non-enhancing centromedullary cavity,
occurring in an non-enlarged or only slightly enlarged
spinal cord; the cavity should not progress over time and
the patient should be without progressive signs of symp-
toms specifically related to the spinal cord.

With the invention of modern diagnostic procedures, it
has been postulated that minor spinal traumas or focal
subarachnoid haemorrhages could be responsible for the
development of a syringomyelia years later [15, 28]. But
one of the greatest mysteries in the development of
syringomyelia is why only 5% of patients with minor
spinal cord trauma develop a syringomyelia years later [4,
35]. Additionally, why do not all of the patients operated on
an intradural or intramedullary spinal tumour suffer from
late sequelae due to a syrinx cavity? Furthermore, one of
the exceptional aspects surrounding Chiari I–induced
syringomyelia is that only 30% develop a syringomyelia
at all and that the location of the syrinx varies from patient
to patient and may begin several vertebral levels below the
foramen magnum [23].

The hydromyelia might be a predisposition. If in these
patients an adequate trauma occurs, the development of a
syringomyelia due to pressure changes in the subarachnoid
space can take place [9]. Furthermore, holocord syrinx
cavities are more frequently found in children, in whom the
canals are more likely to be patent [11], whereas adults are
more likely to harbour focal syringes. Levy et al. [16]
reported about a patient with Chiari malformation, in whom
spinal cord swelling preceded by a few months the develop-
ment of a syrinx in the same location. This report is
consistent with the theory that patients with Chiari malfor-
mation have increased transmural flow of CSF, which causes
spinal cord swelling that later coalesces into a syrinx. In this
context, Takamura et al. [33] described the case of a young
man with the development of a post-traumatic syringomyelia.
The MRI studies clearly demonstrated that a pre-existing
patent central canal became dilated as the syrinx developed.

Hydromyelia seen today might be the underlying
predisposition for developing a syringomyelia if an
adequate impulse takes place. It must be our responsibility
to further investigate how to predict the occurrence of
syringomyelia in which patients and vice versa. The
diagnosis of a syringomyelia has a potentially great impact
on the further life of the patient [31]. The socio-economic
and psycho-social consequences for patients with the
diagnosis of a syringomyelia can be significant. Financial
compensation for loss of work ability, anxiety and reduced
daily activities may increase disease chronicity where no
underlying pathology exists. When treating hydromyelia
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patients, one of the goals must be not to lose track of them,
as they often insist on invasive diagnostics and even
therapies. Explaining the benignity of the lesion should
have a positive influence on the patients, not leaving them
alone and denying symptoms [31]. Pain described by
almost all of these patients is managed very well with
continuously conservative treatment, strengthening of the
musculoskeletal axis and slowing of spinal degenerative
processes.

Thus, we suggest the following definition of hydro-
myelia based on clinical, electrophysiological and radio-
logical criteria in order to distinguish it from presyrinx and
the syrinx state: hydromyelia is an intramedullary, centrally
located, slit-like cavitation. Patients present without neuro-
logical deficits but unspecific pain syndromes; they lack
electrophysiological alterations and do not inherit any
intraspinal pathology potentially responsible for CSF flow
disturbances on neuroradiological imaging.
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Comment

Roser and co-workers have approached a difficult and controversial
subject: hydromyelia. If all cavities in the spinal cord can be named
syrinxes, it seems often difficult to be sure that we are truly dealing with

a dilated central canal. If thin syrinxes can be a central canal residue or
perhaps a dilated central canal (hydromyelia), they can also be an
intraparenchymal cavity located truly inside the spinal cord paren-
chyma. On the other hand, large syrinxes with prominent related signs
could also be dilated central canal or a combination of central canal and
intraparenchymal cavities. Using different terminologies outside a
physiopatholgical discussion can be confusing and misleading. In most
cases of possible or even probable hydromyelia we remain, nonetheless,
uncertain. Besides, some of these slit-syrinxes that are possibly
hydromyelia, instead of being really asymptomatic could be related to
a very progressive atrophic process, becoming more evident clinically
and radiologically on a longer follow-up.

C. Raftopoulos
Belgium
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