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Objective. To analyze the results of surgical correction of scoliosis in patients with syringomyelia.
Material and Methods. The study included 33 patients with syringomyelia and the enlarged spinal canal. Neurosurgical 
intervention was performed in 20 patients. The following operations were carried out: formation of a large occipital tank, 
draining and emptying of cysts, and resection of terminal filament. Nineteen patients were operated on using the CDI. Four 
patients are undergoing stage correction with VEPTR. In one case, instrumentation was not successful, and nine patients 
are receiving treatment at the Department of Neurosurgery.
Results. The study did not reveal any statistically significant relationship between sex, age, deformity apex, side of scoliot-
ic curve, rate of progression, neurological symptoms and the presence of syringomyelia. It was noted that the neurological 
deficit begins to develop when a cyst width exceeds 4.5 mm, yet its length and location do not play a significant role. In the 
presence of cysts of up to 9 mm in width, clinical manifestation and neurological symptoms may be absent. 
Conclusion. The proposed approach to the treatment of patients with spinal deformities, which have syringomyelia as a 
concomitant vertebral pathology can allow to achieve satisfactory results in scoliosis correction and to avoid neurological 
complications.
Key Words: syringomyelia, idiopathic scoliosis, correction of spinal deformity.
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Modern technologies, in particular 
those used at the preoperative prepara-
tion stage, are sufficient to identify most 
comorbidities, which helps choose an 
appropriate treatment option as well as 
predict and significantly reduce the risk 
of intra- and postoperative complica-
tions. Despite this, the problem of choos-
ing a treatment option for scoliosis com-
bined with syringomyelia still remains 
topical. While the issues of surgical treat-
ment outcomes and diagnosis of these 
conditions are well represented in the 
literature, there is no common approach 
or algorithm of actions. A variety of tech-
niques and procedures have been devel-
oped for treatment of syringomyelia, but 
none of them, except surgery, provides 
outcomes sufficient for early correction 
of the scoliotic deformity with a mini-
mum risk of neurological complications. 
Although cysts may collapse spontane-
ously, prolonged ineffective conservative 
treatment may lead to severe progression 

of scoliosis. Neurosurgical interventions, 
in turn, also do not guarantee a perfect 
result; often, re-operations are required. 
Therefore, the patient with syringomyelia 
and scoliosis is always a particular case in 
terms of choosing a treatment approach. 
The main questions that the surgeon asks 
himself are as follows: how safe is correc-
tion of the spinal deformity associated 
with syringomyelia; which conditions 
require neurosurgery to be performed 
before correction; which surgical treat-
ment approach should be used in the 
absence of indications for neurosurgery; 
if intraoperative traction is applicable?

The rate of scoliosis in syringomyelia 
patients ranges from 25.0 to 74.4 % [4, 
19]. In turn, syringomyelia occurs in 1.2 
to 9.7 % of scoliosis patients [3, 4, 6, 7, 8, 
10, 11, 16]. It should also be noted that 
syringomyelia is associated with Arnold 

– Chiari malformation in 30–86 % of cas-
es [1, 2, 9, 10]. This combination makes 
it necessary to extend the amount of 

both preoperative examination and 
neurosurgery.

An analysis of the literature demon-
strates that some authors prefer to per-
form neurosurgical treatment first, argu-
ing that neurosurgery under the age of 
10 years may completely eliminate the 
need for scoliosis correction [12, 13, 15]. 
Other authors tend to believe that prior 
neurosurgical operation may significantly 
reduce the risk of neurological complica-
tions associated with scoliosis correction, 
but does not stop deformity progression 
[5, 14, 15]. The number of reports on sco-
liosis correction performed without any 
neurosurgical treatment is limited, but 
these interventions have been carried 
out using intraoperative neuromonitor-
ing [17, 18, 21, 22]. Despite the difference 
in approaches, almost all authors agree 
that the risk of complications associat-
ed with scoliotic deformity correction is 
very significant. However, we know only 
one report of postoperative complica-
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tions. R.A. Ozerdemoglu et al. reported 
that only 3 of 38 (8 %) patients devel-
oped neurological complications after 
scoliotic deformity correction [14].

The study objective was to evaluate 
results of surgical correction of the scoli-
otic deformity in syringomyelia patients.

Material and Methods

Three thousand and one hundred 
twenty patients with scoliosis of various 
etiologies underwent treatment at 
the Clinic for Child and Adolescent 
Vertebrology of  the Novosibirsk 
Research Institute of Traumatology and 
Orthopedics in the period between 1996 
and 2015. Syringomyelia was diagnosed 
in 33 (1.05 %) patients. Syringomyelia 
associated with idiopathic scoliosis 
was detected in 21 out of 2,334 (0.9 %) 
patients; syringomyelia associated with 
scoliosis of other (congenital and 
paralytic) etiologies was identified in 12 
out of 786 (1.52 %) patients. The study 
included patients with syringomyelia 
(n = 24) and a dilated central canal, 
referred to as hydromyelia, (n = 9). The 
reason to combine these groups was a 
potential risk of intra- and postoperative 
complications due to correction of 
scoliosis associated with any intracanal 
lesions, accompanied by a change in 
the shape of the spine and spinal canal 
caused by spine traction.

Neurosurgery was performed in 20 
patients. The performed procedures 
included formation of the cisterna mag-
na, drainage and evacuation of cysts, and 
resection of the filum terminale. Four-
teen (42.4 %) patients had syringomy-
elia combined with Chiari malforma-
tion. Two patients with a tethered spinal 
cord underwent resection of the filum 
terminale.

Nineteen patients were operated on 
using CD instrumentation. Four patients 
underwent staged correction using 
VEPTR instrumentation. Placement of 
instrumentation failed in one case. Nine 
patients were receiving treatment at the 
Department of Neurosurgery.

At admission to the clinic, all patients 
underwent a standard preoperative 
examination that involved MRI of the 

thoracic spine and the region compris-
ing the curve apex as well as an exami-
nation by a neurologist. If patients having 
gross deformities (>80°) were detected 
with spinal cord cysts, they addition-
ally underwent a traction test with the 
patient’s total body weight as well as 
electroneuromyography and evoked 
potentials. Patients detected with cysts 
in the thoracic or upper thoracic spinal 
cord underwent MRI of the cervical spine 
and craniovertebral junction.

In 17 cases, syringomyelia was diag-
nosed incidentally during preoperative 
MRI. Neurological deficits of varying 
severity, which were the basis to suspect 
spinal cord malformations, occurred 
in 13 patients; in one patient, a neuro-
logical deficit was detected only during 
registration of evoked potentials (there 
were no clinical manifestations). In 3 
patients, syringomyelia was diagnosed 
before application to the clinic. Only two 
patients had the complete classical clini-
cal picture of syringomyelia: dissociated 
sensory loss, pain, and trophic disorders. 
The other patients presented either with 
idiopathic scoliosis or with an initial neu-
rological deficit associated with other 
causes (Arnold – Chiari malformation, 
diastematomyelia).

Results

We conducted a retrospective analysis 
of cases where syringomyelia was 
combined with scoliosis requiring 
surgical correction (Table). We evaluated 
the initial neurological symptoms, cyst 
size, effect of previous neurosurgical 
interventions on progression of the 
spinal deformity, risk factors for 
neurological deficits, and character of 
performed orthopedic procedures. The 
resulting data were used to define the 
basic principles of a treatment approach.

At the time of paper preparation, 9 
patients received treatment and were 
followed-up by neurosurgeons. Two of 
the patients had no neurosurgery due to 
the absence of neurological symptoms, 
small cavity size, absence of the indi-
cations for immediate scoliosis surgery 
(scoliotic curves of 38° and 40°, respec-
tively), and lack of deformity progres-

sion. The patients were being followed-
up. In 8 patients without scoliosis correc-
tion, syringomyelia was associated with 
Arnold – Chiari malformation. Further-
more, two patients undergoing staged 
treatment with the VEPTR instrumenta-
tion did not undergo neurosurgery due 
to the absence of an initial neurologi-
cal deficit and severe malignant progres-
sive scoliosis requiring immediate surgi-
cal correction. One of the patients had 
hydromyelia in the upper thoracic spine, 
with an expansion of the central canal 
of up to 4 mm; the other patient had a 
syrinx of 4.6 mm in width in the lumbar 
spine. Also, 9 patients who underwent 
scoliosis correction using the CD instru-
mentation did not undergo neurosur-
gery; of these, 5 patients had an expan-
sion of the central canal, and 4 patients 
had syringomyelia cysts. A neurological 
deficit (myelopathy) was detected in one 
case in the form of a reduced conduc-
tion velocity in the left lower limb dur-
ing recording of evoked potentials. Given 
small sizes of the cysts and central canal 
of the spinal cord as well as no neurolog-
ical symptoms and no need for immedi-
ate orthopedic care, scoliosis correction 
was performed without neurosurgical 
interventions.

The performed neurosurgical inter-
ventions included:

1) cisterna magna formation and cyst 
evacuation (n = 9);

2) isolated evacuation of a cyst 
(n = 8);

3) cisterna magna formation without 
cyst evacuation (n = 3).

Re-operation was required in three 
cases (repeated evacuation and recon-
struction with dura mater fragments).

Two patients underwent neurosurgery 
under the age of 10 years. After neurosur-
gery, the scoliotic deformity continued to 
progress in both cases: from 81° to 105° 
and from 119° to 130°, respectively, for 
one year. Among patients who under-
went neurosurgery at the age of 10 to 17 
years (11 patients), the scoliotic defor-
mity also continued to progress. The 
other patients (n = 7) underwent sur-
gery after the completion of active bone 
growth (at the age of 17 years or older); 
for this reason, the scoliotic deformity 
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in these patients was in a stable condi-
tion, without clinically significant pro-
gression. Neurosurgical treatment was 
not performed.

At the time of paper preparation, four 
patients with congenital spinal deformi-
ties were undergoing treatment with the 
VEPTR instrumentation; the mean age at 
the time of surgery was 5.8 years (range, 
2.5 to 8.5 years); the mean baseline defor-
mity of 100.3° (67° to 130°) was reduced 
to 78.8° (51° to 105°), on average, after 
primary correction. An 1.5–2 cm distrac-
tion was performed during successive 
treatment stages (Fig. 1). There was no 
neurological deficit worsening associ-
ated with primary correction and succes-
sive distractions. Neurosurgical treatment 
was required in 2 patients. MSCT revealed 
diastematomyelia in both patients: at the 
L2–L3 level in the first case and at the 
T11–12 level in the second case. At base-
line, both children were diagnosed with 
lower flaccid paraparesis, with pelvic 
organ dysfunction being present in one 
case. The patients underwent evacuation 
of syrinxes without resection of bony 
septa. The intersurgical interval was 6 
months. In both cases, the spinal defor-
mity continued to progress after neuro-
surgical treatment.

The mean age of patients who under-
went spinal deformity correction using 
various instrumentation was 15.0 ± 
6.7 years (2.5 to 34.3 years). There was 
no statistically significant relationship 
among the gender, age, curve apex, sco-
liotic curve direction, rate of progression, 
neurological symptoms, and presence 
of syringomyelia. A neurological deficit 
was noted to start developing at a cyst 
width of over 4−5 mm. In this case, the 
length and location of the cyst did not 
play a significant role. Interestingly, in 
the case of cysts of up to 9 mm in width, 
the clinical signs and neurological symp-
toms may be absent. The distribution of 
syrinx localizations was as follows: cervi-
cal spine – 8 cysts; cervicothoracic spine 

– 15 cysts; thoracic spine – 8 cysts; lumbar 
spine – 1 cyst; filum terminale – 1 cyst.

If there was no neurological defi-
cit, and cysts were less than 4–5 mm 
in width, deformity correction through 
the posterior approach was performed 

with skeletal traction (Fig. 2, 3). Pos-
terior correction alone was used in 10 
cases. In three cases, placement of the 
CD instrumentation was complemented 
with releasing discectomy. Also, three-
stage surgery (releasing discectomy, skel-
etal traction, and deformity correction 
with dorsal instrumentation) was per-
formed in 3 cases. If after neurosurgery, 
neurological symptoms did not regress 
completely, or the syrinx size was larger 
than 4−5 mm, surgical correction of the 
spinal deformity was performed without 
skeletal traction (Fig. 4). Twenty patients 
underwent surgery using the CD instru-
mentation; their mean age was 16.9 ± 
5.7 years, and the mean follow-up period 
was 4.2 ± 2.8 years (range, 1.6 to 11.9 
years). Preoperatively, all patients under-
went a traction test with the patient’s 
total body weight, which was not accom-
panied by worsening of neurological 
symptoms. Patients consulted with neu-
rosurgeons who jointly decided on the 
tactics and amount of surgery. The major 
scoliotic curve was located in the tho-
racic spine in 28 cases and in the lumbar 
spine in 5 cases. The mean magnitude of 
the major scoliotic curve before surgery 
was 72.8° ± 21.3°, and the mean com-
pensatory curve was 29.3° ± 21.7°. Pre-
operatively, the mean thoracic kyphosis 
was 41.6° ± 20.1°, and the mean lumbar 
lordosis was 69.1° ± 17.5°. Implantation 
of an endocorrector failed in one patient. 
The dural ectasia signs were detected 
during preoperative examination. Intra-
operatively, excessive liquorrhea devel-
oped upon an attempt to place laminar 
hooks, which resulted in the decision to 
refuse scoliosis correction.

Postoperatively, the mean major curve 
was 33.3° ± 19.0°; the mean compensato-
ry curve was 11.1° ± 12.2; the mean tho-
racic kyphosis amounted to 28.3° ± 17.8°; 
the mean lumbar lordosis was 52.7° ± 8.7°. 
Therefore, the major curve correction 
was 39.5° ± 13.6° (56.3 ± 18.2 %); the sec-
ondary curve correction was 19.0° ± 17.0° 
(43.5 ± 22.1 %). At the end of the follow-
up period, postoperative progression was 
2.1° ± 4.8° (3.3 ± 7.3 %) for the major 
curve and 3.0° ± 6.0° (4.1 ± 9.0 %) for 
the secondary curve. Surgical correction 
of the spinal deformity did not lead to 

worsening of neurological symptoms in 
any of the cases.

Discussion

A comparison between our results for 
correction of scoliosis associated with 
syringomyelia and the data of other 
authors [18, 20, 21, 22] reporting 
correction of the major curve in 
a range of 63 to 80 % who used 
shortening vertebrotomy techniques, 
vertebral column resection (VCR) and 
pedicle subtraction osteotomy (PSO), 
demonstrates that the achieved results 
are quite satisfactory. In this case, the 
absence of neurological complications 
is the major indicator underlying the 
choice of a treatment option. Perhaps, 
a more aggressive surgical approach 
may provide more significant correction 
of the major scoliotic curve, but the 
risk of neurological deficit worsening 
would also increase. The use of modern 
intraoperative neuromonitoring that 
enables real-time tracking of the effect of 
any corrective procedure may be helpful 
in achieving a greater degree of spinal 
deformity correction.

The absence of neurological deficits 
in studies by authors who have achieved 
scoliosis correction of up to 80 % of the 
initial curve magnitude without prelim-
inary neurosurgery, using in particular 
shortening vertebrotomy techniques, 
makes this approach very attractive.

Another question arising before the 
surgeon performing scoliosis correc-
tion is postoperative control of the spi-
nal cord condition. An implanted metal 
device complicates MRI visualization of 
the spinal cord. A MSCT study, even with 
contrast enhancement, may also lack suf-
ficient data for complete evaluation of 
the cyst size. The size of cysts and the 
central canal lumen can vary over time, 
and not only reduce. Upon enlargement 
of lesions and compression of the spi-
nal cord structures, when the structures 
exhaust their compensatory potential, 
the neurological status may worsen. In 
this case, it is necessary to remove cor-
rective instrumentation, perform addi-
tional examination, and make a decision 
on the need for neurosurgical care. We 
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did not observe such cases. Removal of 
instrumentation may be associated with 
a significant loss of correction. In this 
regard, the quality of dorsal spine fusion 
is of particular importance. A secure 
bone block is a prerequisite for preser-
vation of the achieved correction.

Despite the fact that neurological 
deficits may develop if a central canal 
expansion is 4–5 mm or more, it is 
impossible to predict neurological sta-
tus changes caused by scoliosis correc-
tion. Probably, even the maximum cor-
rection may not lead to neurological 
deficit worsening. On the other hand, in 
the case of a syrinx size of 8–9 mm and 
the absence of neurological symptoms at 
baseline, even the minimum correction 
associated with a spinal cord dislocation 
may impair compensation of the spinal 
cord condition.

The rate of scoliosis-associated syrin-
gomyelia is 1.05 %; therefore, syrin-
gomyelia is one of the most common 
concomitant vertebral pathologies. A 
standard plan of preoperative patient 
examination should include consulta-
tion with a neurologist and MRI of the 
thoracic spine and the region compris-
ing the deformity apex. If syringomyelia 
is detected, the patient should undergo 
an examination by a neurosurgeon, a 
traction test with the total body weight, 
neurophysiological examinations, and 
MRI of the cervical spine and craniover-

Fig. 1
MR and X-ray images of a 5-year-old male patient G. with a syrinx of 8 mm in size; no initial neurologic deficit: stages of surgical correction 
using VEPTR instrumentation.

Fig. 2
MR and X-ray images of an 18-year-old male patient M.: the cerebellar tonsils are 
located 4mm below the Chamberlain line; a syringomyelic cavity of 8 mm in width, 
with smooth internal walls and separate incomplete septa; minor upper paraparesis; 
after syrinx drainage and formation of the cisterna magna, a local cyst of 2 mm in width; 
neurological symptoms completely regressed; the spinal deformity was corrected with 
skeletal traction
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Fig. 4
MR and X-ray images of a 15-year-old male patient R.: an intramedullary cyst of up to 12 mm in width, with smooth inner walls and 
separate septa, is seen; lower central paraparesis (reflex paraparesis on the right; slight paraparesis, up to 4 points, on the left); formation 
of the cisterna magna and drainage of the cyst were performed; partial regression of neurological symptoms after surgery; control MRI: the 
cyst of up to 9.5 mm in width, with clear and smooth contours and homogeneous contents; the spinal deformity was corrected without 
intraoperative traction

Fig. 3
MR and X-ray images of a 14-year-old female patient P.: expansion of the central canal of up to 2–3 mm in the thoracic spine; no initial 
neurologic deficit; the scoliotic deformity was corrected with skeletal traction, without preliminary neurosurgical intervention

tebral junction. It may be supposed that 
a neurological deficit may develop when 
the syrinx reaches 4–5 mm in width. 
In the presence of a neurological defi-
cit, large syrinxes (>10 mm in width), 
or Arnold – Chiari malformation, we 
consider neurosurgery as the first stage 
treatment. If the outcome of neurosur-

gical treatment is positive (regression of 
neurological symptoms), the maximum 
amount of orthopedic surgery may be 
planned. If neurological symptoms do 
not regress completely, corrective surgery 
without intraoperative traction would be 
less traumatic. If neurological symptoms 
are absent at baseline, and the size of 

the central canal or syringomyelia cysts 
is less than 4 mm in width, the spinal 
deformity may be corrected with skeletal 
traction. In this case, mobilizing discec-
tomy may also be used. To prevent the 
development and worsening of neuro-
logical symptoms, intraoperative neuro-
monitoring should be a prerequisite.
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Conclusion

In our opinion, neurosurgical treatment 
at the first stage, even if it is performed 
under the age of 10 years, does not stop 
progression of the spinal deformity. 

Progression of the scoliotic curve may 
be terminated or delayed only after the 
completion of primary bone growth.

The proposed approach to the treat-
ment of patients with spinal deformities 
and syringomyelia, as a concomitant ver-

tebral pathology, may provide satisfactory 
results in scoliosis correction and avoid 
neurological complications.
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